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Introduction 


METALS are the physical sinews of modern civilisation. The knowledge of 
the complexity of combination of physical, mechanical and chemical proper- 
ties which is demanded of a given metal for a particular use is an index to 
modern civilisation. 


Metals and knowledge of them occupied almost the same position with 
the historic and pre-historic civilisations of the past. Some of the pre- 
historic art-ware and domestic utensils are still the wonder of the world. 
But to a student of chemistry, the knowledge of commercial alloys used in 
pre-historic times, and the basic processes and problems involved in their 
utilisation and their relation to accepted principles of modern physical 
metallurgy form a fascinating study. In reconstructing some phases of 
ancient civilisation and thereby helping archeological research, metal 
objects thus afford important clues. 


These facts have been ‘fully realised in the West* where the British 
Association appointed the “*Sumer Committee”’ to investigate, among 
other things, on the metal objects of ancient Mesopotamia, and probably 
also of Egypt. No one has so far attempted to do anything like it in metal- 
lurgy and metallography to reconstruct the exact methods of fabrication 
of historic and pre-historic metal objects in India. 


In India, pre-historic civilisation existed at Mohenjo-Daro and Harappa 
and other parts of Sindh and the Panjab between the 4th and the 3rd millen- 
niums B.C., which had commercial and cultural intercourse with Mesopotamia. 
In addition there were the pre-historic civilisations existing in Adichanallur, 


* Sir Harold Carpenter was the first to show the way in his investigations on an Egyptian 
bronze spear head, vide Nature 1931, 127, 589-91 ; 1932, 130, 625-27. 
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88 S. Paramasivan 
Coimbatore and other sites in S. India, which probably had connections 
with the civilisations of Mohenjo-Daro and Harappa. And an investigation 
like the one here is bound to yield fruitful results in many directions. 


The Madras Government Museum has a very large collection of pre- 
historic bronze objects from Adichanallur’ and Coimbatore? probably 
dating from the 2nd or the Ist century B.C. In order to reconstruct the 
ancient metallurgy and the exact method of workmanship of these objects, 
a bronze bowl from Coimbatore collections was taken up for investigation. 


The bronze bowl which is typical of Coimbatore and Adichanallur 
collections of similar objects has an internal diameter 12-1 c.m. and a depth 
of 4-5¢c.m. Portions of it are broken, probably through cracking. 

Experimental 


The results of chemical analysis of the bronze bowl are as follows:— 





Chemical Analysis 





(Per cent.) 
Copper y Pee 75°25 
Tin - ‘ 23-58 
Arsenic a el tr. 
Lead - | 0-21 
lron | 0°37 
Nickel 0:28 





The remaining 0-31°%% represents oxygen in the combined state occurring as 
cuprite. 


The bowl had been covered with a green patina which was removed by 
means of a wire brush and dilute hydrochloric acid. Under the patina was 
a layer of cuprite covering the metal. This also was removed. A part of 
the bowl was then polished and etched with ammonium persulphate and 
examined under a metallurgical microscope. 


At 100 magnifications, it was observed that the metal had recrystallised 
and that the resulting crystals exhibited the following characteristics :— 


(i) There is a eutectoid complex of two phases forming islands, bounded 
by well-defined band of bluish-white constituent.*® 


(ii) The eutectoid complex is not composed of equi-axed grains, but are 
elongated. 
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From the constitutional diagram! of copper-tin alloys, it will be seen 
that the structure of these alloys containg more than 12% of tin depend 
upon the heat treatment they have received. Above 500°C. they are com- 
posed of a and f phases,* a structure possessing great strength and permit- 
ting forging at temperatures within the a—8 range. This structure can only 
be preserved by cooling repidly from above 530°C. Slowly cooled alloys 
of the same composition do not contain the f-constituent, but break up 
into the eutectoid complex of the a and 45 phases** forming islands bounded 
by well-defined band of the hard bluish-white 5 constituent. This substance, 
sometimes regarded as a definite compound Cu,Sn is a source of brittleness 
and alloys containing it are weaker than those of the same composition in 
which the a—8 structure has been preserved by quenching. 


The next point to be considered is the elongation of the grains. They 
are obviously the deformed equivalents of the previously equi-axed crystals 
through external stresses. The manner in which such deformation of a 
crystal can occur is readily understood when it is realised that in any crystal 
which is built up by the arrangement of the atoms (or molecules) on some 
regular space lattice, there must be certain planes upon which displacement 
under external stress can take place without any disarrangement of the 
atomic distribution. From a geometrical point of view, this could occur 
on every plane parallel to two of the main lines of space-lattice. If the 
displacement occurred in steps which are equal to or are exact multiples 
of the atomic spacing in the direction of displacement, then such displace- 
ment would leave the entire crystal arrangement unchanged, although the 
external shape of the crystal would be altered. By numerous displacements 
of this kind, however, a very large degree of deformation of the crystal 
as a whole could be brought about. 


The deformation and elongation of the grains could have taken place 
here only in the course of forging the material to shape, and not through 
mere casting. 


That the object was not cast but forged to shape and cold worked is 
also proved thus. The Vickers Diamond Hardness Number (which is almost 
equal to the Brinell Hardness Numbers) varied from 190 at the bottom of the 
bowl to 263 over the rim, while the hardness of the middle portion was 221. 
Thus different portions of the bowl have been subjected to different degrees 
of mechanical treatment. 


* Vide Pl. LXXXII[—Guillet and Portevin, Metallography and Macrography (G. Bell and 
Sons, Ltd., London, 1922). 
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Since the crystals do not appear to be well developed and have eutectic 
structure, they have not been properly annealed. But such severely cold 
worked condition is characterised by a high yield point and great hardness, 
but the elastic limit is usually low. They should never be put to work in this 
overstrained condition. They should be subjected to low temperature heat 
treatment, which removes the internal strain. The heat treatment raises 
the elastic limit and restores the elastic properties, at the same time increas- 
ing slightly the yield point and the hardness. But the microscope fails to 
distinguish between overstrained objects and the same objects aged or 
restored by low temperature annealing. Thus it is possible that some such 
low-temperature annealing should have taken place, though it is impossible 
to recognise it microscopically. But the cracking and disappearance of 
a portion of the bowl may be the result of “* season cracking ’® caused by 
internal stress due to cold work and subsequent insufficient annealing. 


The alloy has retained much of the hardness imparted by cold work, 


but it is difficult to say whether it has lost a portion of its original hardness 
in the course of centuries. 
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II. Ancient Indian Bronze Coins of the 2nd and 11th Centuries A.D. 


General 


Ancient Indian kings minted bronze and copper coins and the extant 
specimens of them housed in museums of the world date from about the 
4th century B.C. to almost the modern times. But no attempt has so far 
been made to study their exact fabrication. Recently, investigations were 
conducted by the author on an Andhra coin of about the 2nd century A.D. 
and a Chola coin of the 9th century A.D. They were about 7 mm. in diameter 
and 3mm. in thickness. Of these two, the Chola coin was more copper 
coloured showing that it was richer in that metal. 


Experimental 


The chemical analyses of the two coins are as follows :—- 





Chemical Analyses 











(Per cent.) 
Andhra Coin Chola Coin 
2nd C.A.D. 9th C.A.D. 
_ Copper Se ie 76-69 | 96-40 
Tin xe ad 18-14 2°13 
Antimony oa) 1-66 te: 
Lead Pe a 0-31 1-47 
Iron - al 3+20 tr. 
Arsenic n : | tr. tr. 








The Andhra coin contains a large percentage of tin and antimony and 
hence must be harder than the Chola coin, which is richer in copper. The 
presence of antimony in the Andhra coin is significant. It gives a better cast. 
Lead and iron are probably impurities. but the latter might have been pur- 
posely added to the Andhra coin. 


The two coins were covered with a thin green crust of corrosion products 
and underneath them was a layer of cuprite. The two layers were removed 
by means of wire brush and dilute hydrochloric acid. They were polished 
and etched with ammonium persulphate and their structure examined under 
a metallurgical microscope. 
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At 100 magnification, both coins showed that, 
(i) the metal had completely crystallised ;* 


(ii) the crystals were not, in any manner, deformed, elongated or 
twinned. 


(iii) the grains had fine structure ; 


(iv) there were no columnar grains! (in other words the crystal growth 
had no preferred orientation). 


This structure showed that the coins were cast and not forged to shape 
and that there was no cold working. The absence of cold working is further 
proved thus. Under cold working, different portions of the surface will 
have different degrees of hardness. But the hardness of the two coins was 
uniform throughout their surface, being 231 and 91 (in Vickers Diamond 
Hardness Scale); respectively for the Andhra and the Chola coins. Thus 
the former was harder than the latter and better able to withstand the wear 
in circulation. 


The fine grained structure is the result of a high rate of solidification. 
A high temperature warms the mould before solidification commences, 
and the rate of solidification is low. Thus castings poured at too high a 


temperature generally show a coarse mechanical structure and are weak 
mechanically. 


It is evident from the fine structure that the casting was not poured at 
too high a temperature and that the rate of solidification was high. The 
ancient mint masters should have used either a metal mould or a sand 
mould with metal chills, or a wet clay mould. It is evident from the 
proportion of copper and tin that the Andhra coin should have been heated 
to a temperature of not less than 900°C. and the Chola coin not below 
1100° C. before molten liquid was poured into the cast. 


We do not know why the Cholas preferred a softer alloy for the 


coinage and why the art of coinage which was superior under the Andhras 
deteriorated. 


In conclusion, the author desires to express his thanks to Mr. R. Lean, 
Chief Mechanical Engineer and to Mr. G. C. Mills, Chemist and Metallurgist 
of the M. & S.M. Railway, for permitting him to do the work in their Chemical 


* The Chola coin had a ‘cored’ structure, in which the corrosion product is seen to 
coincide with the dark ‘ cores’. 


+ The Vickers Diamond Harndess figures almost closely agrees with Brinell Hardness figures. 
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and Metallurgical Laboratories. His thanks are also due to Mr. K. P. S. 
Nair, Ag. Chemist and Metallurgist of the M. & S.M. Railway, with whom 
the author has discussed some of these problems and to Dr. F. H. Gravely 
for his keen interest in the subject. 
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THE IDEAL-THEORY OF THE PARTIALLY 
ORDERED SET 


By R. VAIDYANATHASWAMY 
Received January 7, 1941 


M. H. Srone has developed systematically the ideal-theory of the distributive 
lattice. .Macneille in his fundamental work on partially ordered sets has 
casually suggested a definition of an ‘ ideal’ in a partially ordered set. This 
paper has for its object the formulation of three concepts, namely semi- 
complete ideal (which corresponds to Macneille’s suggestion), complete ideal, 
and comprincipal ideal, necessary for the ideal-theory of an ordered set. It 
is the last concept of comprincipal ideal which leads to the full clarification 
of the idea of ‘ cuts” which is used in Macneille’s paper without an explicit 
recognition of its bearings. 

I. An abstract set P of any sort of elements is a ‘partially ordered set’, 


, 


if it is the field of a binary, reflexive, transitive relation ‘ < ’, with the pro- 
perty, a< b and b<aimplya=b. An element a of P such that a< x 
for every x in P, is called 0 (zero) if it exists. Similarly an element 5 such 
that x < b for every xin P is called 1 (one) if it exists. O and 1 are necessarily 


unique if they exist. The converse relation of ‘<° is written ‘>’. 


The sum (or lattice-sum) s and the product (or lattice-product) p of 
any subset ~ of P are defined to be elements of P satisfying the following 
conditions : 


(1) x < s for every x in z, and for all z, x < z for every x in = implies 
(2) p < x for every x in z, and for all z, z << x for every x in z implies 


The elements s, p may not exist, but if they exist they are necessarily 
unique. The sum s = 2x and the product p= IIx are said to be distributive, 
XE X€T 


if for every element a of P, the equalities 
asx =Lax 
YET X€T 
a+JII x =II (a + x) 
Xe xXevr 
hold whenever either side exists. 
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The ordered set P is said to be a /attice if all finite sums and products 
exist, and a distributive lattice if the finite sums and products are distributive. 
It is said to be a complete lattice if all sums and products exist, and a com- 
pletely distributive complete lattice, if all the sums and products are distribu- 
tive. A complete lattice necessarily contains the units 0, 1. 


THEOREM |.—Jf the ordered set P contains | and if every product exists 
in P, then every sum also exists and P is a complete lattice. 


For if z is any subset of P, then the set IT of elements > every x in7z is 
not null since it contains 1. The product of the elements of JT exists in virtue 
of our hypothesis, and is easily seen to be the sum, as defined, of the 
elements of 7. 


Cor. Dually if P contains 0, and every sum exists in P, then P is a 
complete lattice. 


Il. C-ideals and S-ideals of the ordered set P. 
A subset L of P, which has the property: 
ais in L and x < a imply x is in L, 
is called a complete ideal or C-ideal of P if it contains every existing sum of 


its elements, and a semi-complete ideal or S-ideal of P, if it contains every 
existing distributive sum of its elements. 


It is clear from the definition that every C-ideal is an S-ideal. These 
definitions refer to the ordering relation <, and may be called definitions of 
lower C- and S-ideals, or in the terminology of M. H. Stone, of S,- and C,- 
ideals. Dual definitions mav be given of upper C- and S-ideals, or of Sg- and 
C,-ideals ; namely— 


A subset L of P, with the property that ‘a is in L and x > a’ implies 
‘x is in L’ is called an upper C-ideal or C,-ideal if it contains every existing 
product of its elements, and an upper S-ideal or S,-ideal if it contains every 
existing distributive product of its elements. 


We shall adopt the convention that the terms C-ideal and S-ideal used 
without any qualification refer to Jower or p-ideals, and that where upper or 
a-ideals are meant there shall be a specific mention to that effect. 


A special class of C-ideals are the principal ideals which are defined by 
any element a of the ordered set. The principal ideal P (a) is defined to be 
the set of elements x < a. This is evidently a lower C-ideal or C,-ideal, 
conformably with our convention. Similarly the upper principal ideal P, (a) 
defined by a is the set of elements x > a. This is an upper C-ideal or C,-ideal. 
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Remarks on the above definitions : 


The conception of complete ideal appears to be new, and is precisely 
the conception necessary for the elucidation of Macneille’s Theory of ‘ cuts’ 
in the next paragraph. 


The conception of Semi-complete ideal is advanced in Macneille’s paper 
where it is called simply, ‘ ideal’. | have avoided this name for the obvious 
reason that it will cause confusion when we come to the distributive lattice. 
It is of course possible to define ‘ideal’ in an ordered set on the analogy 
of the distributive lattice, namely— 


A subset L of the ordered set P is a (lower) ideal if, ‘aisin Land x < q’ 
implies ‘x is in L’ and if L contains every existing finite sum of its elements, 
But this concept is not very significant for the theory of the ordered set, and 
{ shall avoid it, at any rate in this paper. 


III. Properties of C-ideals and S-ideals. 


It is clear that the S-ideals of the ordered set P form a partially ordered 
set S, under the ordering relation of set-inclusion. Since any C-ideal is an 
S-ideal, the C-ideals form a subset C, of the ordered set S,. Since the whole 
set P is an S-ideal (and C-ideal) which contains every other S-ideal, it 
follows that S, has a unit 1 which is also anelement of C,. We shall 
assume that P has a zero ; then since 0 by itself constitutes a C-ideal, it 
follows that S, as well as C, has a zero—namely the C-ideal constituted 
by the element 0. We next shew that S,, C, are not only ordered sets, but 
complete lattices. 


The intersection or set-product of any number of S-ideals is not null, 
since 0 is an element of every S-ideal, and is obviously an S-ideal. Thus 
the set-product of any family of S-ideals satisfies the definition of the lattice- 
product of the family. Thus S, is an ordered set with 0, 1, in which every 
product exists and is therefore by theorem ! a complete lattice. 


Similar reasoning shews that the intersection of any family of C-ideals 
is not null, and is a C-ideal. Therefore in C, all products exist; since C, 
contains 0, 1, it follows by theorem I that C, is also a complete lattice. 
Further since the lattice-product both in C, and in S, is identical with the 
set product, it follows that the lattice-product in C, is the same as that in 
S,; in other words, C, is a multiplicative sub-system of S,. But the lattice- 
sums in C, and in S, are not the same. The lattice addition in S, and C, 
must be elucidated by the concept of the S-ideal or C-ideal generated by a 
set of elements of P. 
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If x is any subset of P, the S-ideal generated by z is defined as the set of 
all elements x such that x <.o for some distributive sum o of elements chosen 
from. For, it is easy to see that this set is an S-ideal. Further it is clear 
that any S-ideal which contains 7 must contain this set. This justifies the 
definition. Similarly the C-ideal generated by z is the set of all elements 
x of P, such that x < ofor some sum o of elements chosen from z. It is 


clear that the C-ideal generated by z contains the S-ideal generated by the 
same set 7. 


We may now identify the lattice-sum in S, of any family (S,, S.,...) of 
S-ideals, as the S-ideal generated by the set-sum of (S,, S5,...); for, this S-ideal 
contains S,, So,...and is contained in any S-ideal containing them. If (S,, Ss,...) 
are all C-ideals, then their lattice-sum in the lattice C, is the C-ideal generated 
by the set-sum of (Sj, S,,...). Since the C-ideal generated by a set = is in 
general different from the S-ideal generated by the same set, it follows that 
the lattice-sum in C,, of a set of elements in C, is not the same as their lattice- 
sum in S,, while their lattice-product in C, is the same as in S,. 


We now proceed to study the relations between principal ideals and 
complete or C-ideals. It is obvious in the first place that any principal ideal 
is complete; for the lattice-sum of any set of elements < a must, if it exists, 
be <a. Further it has been shewn that the product of any family of 
complete ideals is complete ; therefore the intersection of any family of 
principal ideals is complete. The converse, viz., that any complete ideal 
is the intersection of some family of principal ideals, is not in general true. 
We have therefore to introduce the concept of comprincipal ideal or C-ideal 
to denote the inter-section of an family of principal ideals. It is clear that 
the G-ideals form a sub-set ©, of the complete lattice C,. Further it is a 
consequence of our definition that the intersection of any family of com- 
principal ideals is comprincipal; hence ©, is closed for unrestricted multi- 
plication. Further P (which has been assumed to possess the unit 1), as a 
principal ideal is comprincipai and therefore belongs to and is the unit of €,,. 
Hence by Theorem! C, is a complete lattice, though it is not a sublattice 
of C, (but only a multiplicative sub-system) since addition in C,, differs from 
that in C,. The fundamental property of the C-ideal may be stated as : 


THEOREM II.—A complete or semi-complete ideal L is comprincipal if. 
and only if, L is the intersection of all principal ideals containing it. 


The first part follows from the definition. To prove the second part 
we have only to observe that if L is comprincipal, and therefore the inter- 
section of a family (F) of principal ideals, and if L’ is the intersection of all 
principal ideals containing L, then L’ < L, and L’ > L. 
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IIT. Macneille’s Theory of Cuts. 


According to Macneille, a cut of an ordered set P with 0, 1, is a pair of 
sybsets (A, B) of P, satisfying the following conditions : 


(1) every element of A < every element of B, 
(2) x < every element of B implies x is in A. 
(3) y > every element of A implies y is in B. 


It follows from these conditions that A is the intersection of principal ideals 
determined by the elements of B, and therefore comprincipal. Similarly 
B is the intersection of the principal upper ideals determined by the elements 
of A, and therefore a comprincipal upper ideal. Thus the two elements of 
any cut are comprincipal ideals standing in a certain relation to each other 
which we shall call ‘ cut-complementarity’. 


If 7 is any subset of P, we define the ‘ upper cut-complzment ’ of = to be 
the set of all elements > every element of 7. Similarly the lower cut-comple- 
ment of z is the set of all elements < every element of z. It follows that the 
lower and upper cut-complements of 7 are lower and upper comprincipal 
ideals, since they are defined as intersections of principal ideals. The key- 
theorem which is necessary to elucidate the theory of cuts, may be 
stated thus: 


“THEOREM III.—Let 7 be any subset of P, 7, the upper cut-complement of 
a, and 7 the lower cut complement of 7,. Then a= 7. if and only if z is a 
comprincipal ideal. 

For it is clear that 7, is a comprincipal ideal containing 7. Further, 7, 
as the lower cut-complement of 7,, is the intersection of all principal ideals 
determined by elements of z,. But these latter principal ideals are precisely 
the principal ideals containing 7. Thus 7, as the intersection of all principal 
ideals containing 7 is the comprincipal envelope of 7. It is clear that a set 7 
can be identical with its comprincipal envelope if and only if it is itself a 
comprincipal ideal. 

It is obvious that the theorem dual to Theorem III holds. by inter- 
changing ‘ upper’ and ‘ lower ’ ideals. 


THEOREM IV.—If {C;} is any family of comprincipal ideals, whose upper 
cut-complements are {C’;}, then (1) the upper cut-complement of the product 
ITC; is the comprincipal envelope of {C’;}, {in other words, the lattice-sum. 
XC’; in the complete lattice C’,} and (2) the upper cut-complement of the 
comprincipal envelope of {C;} (i.e., the lattice-sum XC; in the complete 
lattice C,,) is the product IC’;. 
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For it follows from Theorem III that the. upper cut-complement 
of any set K is the same as the upper cut-compiement of the comprincipal 
envelope of K. Therefore, the upper cut-complement of the comprincipal 
envelope of {C;} is the same as the cut-complement of the set-sum of the C,’s 
which is clearly the product JIC;’s. This proves the second part of the 
theorem. We shew in the same manner that the lower cut-complement of 
the comprincipal envelope of {C’;} is the product JIC;. The first part of 
the theorem follows from this, by using Theorem III. 


The result of these two theorems is (1) the correspondence in structure 
between the cuts of the ordered set P, and the comprincipal (lower or upper) 
ideals which are elements of the cuts and (2) the dual isomorphism in respect 
of all sums and products effected by cut-complementation between the two 
complete lattices {C,,, Ca}. Hence the canonical extension of the partially 
ordered set P to a complete lattice which Macneille reaches by the theory of 
cuts is abstractly identical with the complete lattice {C,} (or dually the same 
as {C,,}. 

The mutual relations between semicomplete, complete and comprincipal 
ideals in a distributive lattice is a problem which awaits research. 
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IMPORTANCE OF DIALYSIS IN THE STUDY 
OF COLLOIDS 


Part VII. Colloidal Zinc ferrocyanide 


By V. C. Vora, P. M. BARVE AND B. N. DESAI 


(From the Physical Chemistry Laboratory, Wilson College, Bombay) 
Received September 2, 1939 


THE last paper! of this series contained measurements in the presence and 
absence of electrolytes of cataphoretic speed, stability and conductivity of 
colloidal solution of vanadium pentoxide which was dialysed, diluted, 
allowed to age, and exposed to sunlight to different extents. In the present 
paper similar results obtained with colloidal solution of zinc ferrocyanide 
are presented. 

Experimental 


Zinc ferrocyanide was precipitated by adding a solution of potassium 
ferrocyanide to a solution of zinc sulphate. The precipitate was filtered and 
washed with distilled water till free from soluble impurities. It was then 
suspended in distilled water in a flask, 0-1% solution of potassium ferro- 
cyanide was added to it in small amounts and the mixture shaken vigorously 
till a clear colloidal solution was obtained. The colloidal solution was 
filtered through a double fold of filter papers in order to obtain particles of 
uniform size as far as possible. This sol was then dialysed in parchment 
paper bags in the usual manner and samples were removed for experiments 
after different periods of dialysis. Dilaysis was carried out in a dark room 
to avoid effect of light on the sol. During dialysis potassium and ferrocyanide 
ions were detected in the dialysate. The concentration of colloidal zinc 
ferrocyanide was determined from time to time and was found to remain 
constant during dialysis. In order to minimise the effect of ageing, all the 
experiments with the same sample of the sol were carried out in as short 
a time as possible. 


The cataphoretic speed and conductivity were determined as before. 
Dialysate made equiconducting with the sol by the addition of potassium 
ferrocyanide was used as an upper liquid in cataphoretic speed experiments. 
In studying the effects of electrolytes on the colloid, the electrolytes were 
also added to the upper liquid so as to get the same ionic environment. 
The difference between the direct and reverse movements of the boundary 
was always within 4 per cent. 
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The stability of the sol was determined by finding out the amount of 
KCI necessary to give instantaneous coagulation as judged by the naked 
eye when the tube was held against a transluscent background illuminated 
by an electric lamp. 


Experiments on ageing and exposure to sunlight were carried out as in 
previous work. 


All the experiments were carried out at a temperature of 30°C. 
Results and Discussion 


In all the tables the cataphoretic speed (cat. speed) (mean of direct and 
reverse movements) is corrected for viscosity and expressed in centimetres 
per second per volt per centimetre x 10°. In the experiments on the effect 
of electrolytes on the colloid, the concentration of the electrolyte is expressed 
in millimoles per litre of the mixture colloid + electrolyte + water. Dilu- 
tion is expressed in terms of the ratio 


Volume of the diluted sol . 
Volume of the original sol ’ 





the original sol has thus dilution 1. Flocculation values (F.V.) are expressed 
in millimoles of the electrolyte per litre of the mixture. 


Section A: Changes during dialysis—The results of these experiments 
are given in Table I. 

















TABLE | 
Days of | Cat. speed F.V. with | Sp. conductivity 
dialysis x 108 KCI | ~ 108 
3 17-12 | 0-60 | 1439-0 
8 23°56 | 0:44 | 440-2 
10 30-72 0-41 | 
13 34-08 | 0-40 212-4 
18 37-00 | 0-39 | 168-3 
21 39-43 | 0:35 | 
25 24-67 | 0-26 | 69-9 
28 | 20-58 | 0-20 | 50-9 





It will be seen from the results that with the progress of dialysis the cat. 
speed first increases, reaches a maximum, and then decreases as in the case 
of Fe (OH) ,2 Th (OH),,° prussian blue,* gold® and V,O}; sols investigated 
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by Desai and co-workers. The colloidal particles of zinc ferrocyanide are 
—vely charged due to preferentially or primarily adsorbed Fe (CN),”” ions, 
the peptising electrolyte being K,Fe(CN),. It will appear from a summary 
of the results given in Table III in section C that the cat. ‘speed also first 
increases and then decreases on adding small increasing amounts of K,Fe 
(CN), to the sol. The changes in cat. speed during dialysis can therefore 
be explained in the same manner as in the case of the colloidal solutions 
mentioned above. * 6 


The stability as determined by F.V. with KCI continuously decreases 
with the progress of dialysis although the charge has first increased and then 
decreased. These results are similar to those obtained with Fe(OH),?, 
Th (OH),°, prussian blue* and V,O'; sols and the absence of parallelism 
between charge and stability in the early stages of dialysis is due to the 
same considerations as advanced in the previous papers.! 2: 4 6 


With the progress of dialysis the conductivity has continuously decreas- 
ed. This is mainly due to the decrease in the amount of K,Fe (CN), in the 
sol during dialysis. The colloidal particles do not seem to contribute to 
conductivity to any appreciable extent as the conductivity has decreased in 
the early stages of dialysis when the charge has increased. 


Section B: Changes during dilution of sols dialysed for different periods.- 
In Table II are given the results of these experiements. 


It will appear from the results that for all the samples dialysed for 
a period less than 22 days, the cat. speed on dilution of the sol has first in- 
creased, reached a maximum and then decreased. For samples dialysed 
for 22 days or more, the cat. speed has continuously decreased on dilution 
of the sol. These results are similar to those obtained with Fe (OH),’, 
Th (OH),° and prussian blue* sols where it was observed that for sols dialysed 
for periods shorter than that corresponding to the maximum in the cat. 
speed—dialysis curve of the colloid, the cat. speed first increases, reaches 
a maximum and then decreases on dilution of the sol and continuously 
decreases for samples of the sol dialysed for larger periods, and can be 
explained in the same manner.® 


The conductivity invariably decreases on dilution of the sol and this 
decrease is mainly due to the decrease in the amount of the electrolyte in 
the intermicellary liquid. 


The stability continuously decreases on dilution of the sol and it is 
noticed that as in the case of the sols mentioned above, one does not always 
find charge and stability varying in the same manner. 
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Section C: Changes in cat. speed of sols (dialysed for different periods) 
in the presence of electrolytes—A summary of these results is given in 

















Table III. 
TABLE III 
Inttial _ Initial Cat. speed at Cee 
Electrolyte ois aaa increase of | which coagulation hicl y i at 
nese cat. speed begins we preg ation 
KCl ale ea 23-56* 3-88 10-98 0-100 
28-12* Nil 14-25 0-050 
Reso, «. ae 23°56 4°53 12-80 0-075 
28°12 Nil 15-59 0-050 
MeCl, , 23-56 6°18 12-28 0-059 
28-12 Nil 19-63 0-025 
MeSO, , 23-56 6-32 11-04 0-050 
28°12 Nil 15-29 Q-025 
| 
K Fe (CN), 23-56 14-04 No coagulation could be observed. 
28-12 1-46 

















* The initial cat. speeds are different because samples of sol dialysed for 8 and 22 days (cat. 
speed 23-56 x 10° and 28-12 x 105 respectively) have been used. 


It will appear from the results that for the short period dialysed sol 
the cat. speed first increases and then decreases on adding small increasing 
amounts of electrolytes whether they contain univalent or bivalent coagulat- 
ing ions. The initial increase in the cat. speed is due to preferential adsorb- 
tion of the similarly charged ions as mentioned before. With the sols investi- 
gated before in our laboratory, the initial increase in the cat. speed was not 
noticed with the electrolytes having bivalent coagulating ions. Chaudhury’ 
obtained an initial increase in the cat. speed of copper ferrocyanide sol 
(whose particles are —vely charged) when small increasing amounts of 
BaCl, were added to the sol. The causes of this peculiar behaviour of the 
zine ferrocyanide sol are not very clear. It may be that the surface of the 
particles with reference to the similarly charged ions is not so much satu- 
rated that some more similarly charged ions are adsorbed due to chemical 
affinity inspite of the presence of the bivalent coagulating ions. 


For the long-period-dialysed sol the initial increase in the cat. speed 
is noticed only with K,Fe (CN), which has a strongly adsorbable ferro- 
cyanide ion. The absence of the initial increase in the cat. speed with other 
electrolytes having univalent coagulating ions is probably due to the fact 
that during dialysis the aggregation of the praticles has so changed the 
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distribution of the ions on the surface of the praticles that the adsorption 
of the similarly charged ions is not possible except when that ion is strongly 
adsorbable. It is, however, not understood why zinc ferrocyanide sol should 
behave in this peculiar manner when the other sols do not show a similar 
behaviour. 


It is also seen from Table III that keeping the coagulating ion the same, 
the greater the valency of the similarly charged ion, the greater is its prefer- 
ential adsorption and consequently the larger the initial increase in the cat. 
speed. As observed with other sols a smaller equivalent amount of electro- 
lyte is necessary for coagulation when the coagulating ions are bivalent than 
when they are univalent due to greater adsorbability of the former than the 
latter ions. 


It is clear from the results that the range of the cat. speed within which 
coagulation begins with the various electrolytes varies from 10-98 with 
KCl to 19-63 with MgCl,. The conception of a critical potential put for- 
ward by Powis® is thus not supported by the present results (cf. Desai and 
Barve®). 

Section D: Changes on ageing of sols dialysed for different periods.—The 
results of these experiments are given in Table IV. 














TABLE IV 
| 
Sol dialysed for 8 davs Sol dialysed for 22 days 
| 
4 Cat. sneed | Sp. conductivity | F.V. with | Cat. sneed | Sp. conductivity | F.V. with 
days x 105 « 106 KCl x 105 x 108 KCl 
0 23-56 | 440-2 0-44 28-12 152-3 0:30 
30 22-90 401-7 0-36 27-76 147-4 0-27 
52 27-05 132-0 0-22 
66 21-70 | 341-5 0-34 
68 a ” “a 26-30 127-5 0-19 
78 20-80 308-6 0-29 
80 os ae iy 25-68 122°8 0-14 
90 20-30 299-6 0:27 























From the results given in the above Table it is seen that the cat. speed, 
conductivity and stability as determined by F.V. with KCl continuously 
decrease on ageing of both the short period and long period dialysed sols. 
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The results are similar to those obtained with V,O, sol and can be similarly 
interpreted.}: ® 


Section E: Changes on exposure to sunlight of sols dialysed for different 
periods.—In Table V are given the results of these experiments. 

















TABLE V 
Scl dialysed for 8 days Sol dialysed for 22 days 

Exposure to 

sunlight in F.V. F.V. 

hours Cat. speed | Sp. conductivity with Cat. speed | Sp. conductivity | with 

x 15 x 106 KCl x 105 x 108 KCl 

| 
| | 
0 23-56 440-2 0:44 | 28-12 | 152-3 | 0-30 
26:54 | 106-0 0: 








20°10 





64:1 























As in the case of ageing, the cat. speed, conductivity and stability 
decrease continuously on increasing exposure to sunlight of both the short 
period as well as the long period dialysed sols and these changes can be 
explained in the same manner. One additional factor has also to be con- 
sidered in this case. It has been observed by Matuschek® that potassium 
ferrocyanide, which is the peptising agent in this case, decomposes into 
ferric hydroxide, potassium cyanide and hydrocyanic acid on exposure to 
light. This will decrease the cat. speed appreciably as the univalent peptising 
ions will not be as strongly preferentially adsorbable as the tetravalent peptis- 
ing ions. It is also found that the sol dialysed for 8 days shows a tendency 
for precipitation on exposure of 10 hours, while that dialysed for 22 days does 
not show the same tendency even after 15 hours exposure; the short period 
dialysed sol contains more of K,Fe (CN), than the long period dialysed sol 
and hence the greater effect of light in the former than in the latter case. 
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Summary 


The changes in the cataphoretic speed, stability and conductivity of 
colloidal zinc ferrocyanide dialysed, diluted, allowed to age and exposed 
to sunlight for different periods have been studied. 


With the progress of dialysis the cataphoretic speed first increases and 
then decreases, while the stability and conductivity continuously decrease. 


In the case of sols dialysed for periods shorter than the maximum in 
the cataphoretic speed-dialysis curve, the cataphoretic speed first increases 
and then decreases on dilution, while for sols dialysed for longer periods 
the cataphoretic speed continuously decreases. The stability and conducti- 
vity, however, continuously decrease on dilution in all the cases. 


It is found that for short period dialysed sols, the cataphoretic speed 
first increases and then decreases on adding small increasing amounts of 
KCl, K,SO,, K,Fe(CN),, MgCl, and MgSO,; for long period dialysed 
sols the cataphoretic speed continuously decreases with all the electrolytes 
except K,Fe (CN), where it first increases and then decreases. The idea of 
critical potential is not supported. 


On allowing both the short period and long period dialysed sols to age 
or exposing them to sunlight, the cataphoretic speed, stability and conductiv- 
ity continuously decrease. 


The results are interpreted by means of assumptions similar to those 
employed in the case of the other colloidal solutions investigated in this 
laboratory. 
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Low’s method? for the determination of lead permanganometrically has been 
in use for a long time in technical analysis. This method which consists 
in precipitating lead as oxalate from acetic acid solution, decomposing the 
precipitate with dilute sulphuric acid and titrating the liberated oxalic acid 
with permanganate has also been adopted by the British Pharmacopeia 
for the assay of lead acetate. Though this method is serviceable in routine 
analysis, it frequently gives low results. 


Morris? stated that low results were obtained by the B.P. method unless 
the precipitation was carried out in the presence of about 60% of acetic acid. 
On the other hand, Wetherell*.* pointed out that although precipitation 
was complete, low results (1-6%%) were obtained because of occlusion of the 
lead oxalate or oxalic acid in the sparingly soluble lead sulphate. It was 
also noted by this investigator that solution of the oxalate precipitate in 
dilute nitric acid before the addition of sulphuric acid was not satisfactory, 
the end-point being indefinite, an observation which the present author is 
able to confirm on the basis of experience of several years. Wetherell 
(loc. cit.), therefore, preferred the U.S.P. X method which involves the titra- 
tion of the excess of oxalic acid in the filtrate. This is in agreement with the 
observations of Tananaev and Kobzarenko®. Coppock and Coppock’ 
suggested nitric acid to dissolve the lead oxalate, and in order to explain the 
low results obtained even then, it was stated by them that results as accurate 
as those obtained with calcium by a similar method could not be expected 
for lead, since lead oxalate, according to these authors, was more soluble 
than calcium oxalate. 


Low’s method, and the similar B.P. method carried out according to the 
directions of Garratt’, suffer from the defect that the presence of filter paper 
in a permanganate titration is not permissible in accurate work since it causes 
positive errors* *. To avoid this difficulty a variation in procedure such as 
filtering the lead oxalate on asbestos has been adopted. 
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The view that the greater solubility of lead oxalate than calcium oxalate 
is responsible for the low results obtained by Low’s method is incorrect 
according to available data. The solubilities of anhydrous calcium and lead 
oxalates in 100g. of water at about 18°C. are 0-56 and 0-15 mg. 
respectively and the corresponding solubility-products, 1-78 x 10-° and 
1.74x 10-4. At 25°C. the solubility-products are 2-57 x 10° and 
3-50 x 10-" respectively. (Cf. Landolt-Eérnstein Tables, 1923). Calcium 
oxalate is somewhat less soluble in the dilute ammonia solutions which are 
used for washing than in pure water but it must be remembered that washing 
of calcium oxalate precipitates is done with hot wash liquid whereas according 
to the usual procedure lead oxalate precipitates are always washed with cold 
water. 


The instability of oxalic acid in dilute aqueous solutions and the 
danger of its decomposition by hot, dilute mineral acids have been pointed 
out by several investigators’4. Quantitative procedures involving the use 
of oxalic and dilute nitric acids together as in the Lux method for the evalua- 
tion of lead peroxide and sesquioxide are in use but the probability of the oxida- 
tion of oxalic acid by nitric acid, rendering the latter unsuitable in oxalic 
acid-permanganate titrations, does not appear to have been investigated. 
Oxalic acid is stated to be stable towards nitric acid by Bernthesen!? and 
Caven!®, However, Garratt (Joc. cit.) and Miller and Mc Lenan™ have 
indicated that oxalic acid can actually be eliminated by evaporation with 
concentrated nitric acid. Experiments carried out by the present 
author showed that on evaporating to dryness as weil as on boiling for one 
hour, a mixture of equal volumes of oxalic acid (0-1 N) and concentrated 
nitric aid, the former was oxidised to 40-60%. It was also found that appre- 
ciable oxidation took place even with ordinary dilute (1 N) nitric acid 
solutions in an oxalate-permanganate titration at 60-90°C. It appears 
probable, therefore, that the indefinite and unsatisfactory end-points obtained 
by Wetherell (Joc. cit.) and the author were due to this oxidation and perhaps 
also to the presence of nitrous acid in the solution. To dissolve lead oxalate 
prior to the addition of sulphuric acid, Clowes and Coleman,” recommended 
dilute nitric acid which had previously been boiled to render it free from 
nitrous acid. The use of nitric acid rendered free from nitrous acid by 
boiling has been tried by the author and it has been found that oxalic acid is 
oxidised to an appreciable extent. It is, therefore, to be concluded that the 
use of nitric acid in the determination of ‘lead by this method is attended with 
complications. 


The main cause of the low results in the determination of lead appears 
to be, therefore, occlusion of oxalic acid by lead sulphate. For reasons 
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given above nitric acid cannot be employed to prevent this occlusion. 
Since lead chloride is more soluble than the sulphate, the possibility of using 
hydrochloric acid in the place of sulphuric acid in the dissolution of lead 
oxalate and subsequent titration was investigated. 


It is well known that dilute hydrochloric acid is oxidised by dilute per- 
manganate only when present together with iron or certain other catalysts. 
However, the use of this acid in permanganate titrations has been frequently 
and unnecessirily avoided and sulphuric acid preferred. According to 
Gooch and Peters!® the oxidation of dilute hydrochloric acid by dilute 
permanganate is induced by the oxalic acid-permanganate reaction but the 
error is eliminated by the addition of manganous sulphate. Baxter and 
Zanetti, and later Kolthoff (ibid.) found that no irregularities occurred in the 
titration even in the absence of manganous su!phate, if the initial temperature 
was above 70° C. Hahn and Weiler (ibid.), however, did not get good results 
in the titration of calcium oxalate dissolved in 50% hydrochloric acid at 
30-40° C. even with the addition of manganous sulphate. 


In the course of the present investigation on oxalate-permanganate 
titrations in hydrochloric acid at 60-90° C., it was found that perceptible 
formation of chlorine or hypochlorous acid, as indicated by smell, occurred 
when the concentration of the acid was greater than 1 N and the titration 
was rapid. If the strength was about 0-5N and _ the titration performed 
slowly, no oxidation occurred and reproducible results could be obtained. 
The induction period of the oxalate-permanganate reaction, so prominent 
in presence of sulphuric acid, was considerably shortened when hydrochloric 
acid was used and practically disappered when the initial temperature and 
the acid concentration were high. 


In the determination of lead occlusion of oxalic acid was completely 
eliminated, and reproducible and accurate results were easily obtained, when 
hydrochloric acid was used in the place of sulphuric acid for solution and 
titration of the precipitates. It was also found that accurate results could be 
obtained using only 5-6% of acetic acid in the precipitation of the lead oxalate 
and hence the claim of Morris (/oc. cit.) that 60% of acetic acid is necessary 
seems to be unfounded. The use of the higher concentration of acetic acid, 
however, yielded in the cold precipitates which were much more granular 
and compact and hence could be filtered after an hour, without boiling. 


Experimental 


Preparation and Standardisation of the Lead Acetate Solution.—Crystal- 
line lead acetate (35-090 g. A.R. Quality) was taken, dissolved in water, 
acidified with 10 ml. of glacial acetic acid and made up to two litres with water. 
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The strength of the solution was then checked by precipitating the lead as 
chromate and weighing after drying at 120°C. according to standard pro- 
cedure. The mean value for the acetate in 25 ml. of the solution was 
04385 g. while the calculated value was 0-4386 g. 


Titration of Oxalic Acid with Permanganate in the presence of Hydro- 
chloric acid.—A solution of oxalic acid was prepared from 24-540 g. of the 
pure acid (A.R.) by dissolving in water and diluting to four litres. This 
solution was transferred to an amber coloured bottle and kept as much as 
possible in the dark. Aliquots of this solution were then titrated with 
standard permanganate. 


The permanganate solution used in this investigation was prepared 
according to the procedure recommended by Kato” by boiling the whole of 
the solution, cooling and filtering through asbestos into an amber coloured 
bottle. The solution was standardised in the usual manner at intervals 
with freshly prepared standard sodium oxalate solutions using dilute sulphuric 
acid for acidification. The strength of the solution did not show any appre- 
ciable change during the course of this investigation. 


To investigate the suitability of hydrochloric acid for these titrations 
an aliquot of the oxalic acid solution was treated with the calculated volume 
of concentrated hydrochloric acid (10 N), diluted to 100 ml. with water 
heated to 90° C. and slowly titrated to a definite pink, stable for at least 30 
seconds, the temperature being kept at 60—-90° C. during the titration. It 
was observed that the initial lag in the reduction of permanganate (in pre- 
sence of sulphuric acid) was considerably shortened. It was also observed 
that if the initial temperature was above 90°C. and the acid concentration 
high, the induction period: was practically absent. No perceptible formation 
of chlorine or hypochlorous acid, indicated by smell, occurred up to an acid 
concentration of | N. At 2N and higher concentrations, however, no end- 
points could be obtained and evolution of chlorine occurred during the 
titration. The results obtained showed that with a hydrochloric acid concen- 
tration of 0-5 to 1-0 N accurate results could be obtained. However, to 
allow a margin of safety 0-5 N acid concentration is recommended. 


Determination of Lead 


(A) Precipitation in the presence of 5-6% of Acetic Acid.—The lead 
solution, free from mineral acid, was placed in a beaker (400 ml.) acidified 
with 6-5 ml. of glacial acetic acid and diluted to 100 ml. with water. An 
excess of a dilute solution of oxalic acid (Ca. 0-1 N) was slowly added with 
stirring. The contents of the beaker were then slowly heated to boiling, 
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boiled for one minute and set aside to cool down to the laboratory tempera- 
ture. The precipitate was then filtered through a filter paper (No. 42, 
Whatman) and washed with 100 to 150 ml. of cold water. The bulk of the 
precipitate was then washed down into the beaker in which the precipitation 
has been carried out, 50 ml. of hot, dilute hydrochloric acid (2 N) passed 
through the paper and finally washed thoroughly with hot water. The filtrate 
and washings were collected in the same beaker, the solution diluted to 200 ml., 
heated to 90° C. and slowly titrated with standard permanganate until a pink 
colour which was stable for not less than 30 seconds was obtained, the tem- 
perature being maintained throughout the titration at 60-90°C. A large 
number of determinations have been carried out and some of the typical 
results obtained are given in Table I. 


TABLE | 


Strength of Permanganate—O-1014 N 




















| | 
| Titre values | Crystalline lead acetate 
Volume of | | 
No. | Lead solution | | Error 
(ml.) Found Calculated | Found Calculated (mg.) 
(ml.) (ml.) (g!.) (g.) 
| 
] 20-0 18-25 18-25 0-3510 0-3510 0-0 
2 
3 18-20 : 0- 3499 5 —1-1 
4 
| 
5 10-0 9-15 9-13 0-1759 0-1756 +0-3 
6 
7 re 9-10 ms 0-1750 a —0°6 
9 5-0 4-55 4:56 0-0875 0-0877 0-2 
10 | 
11 ee 4-69 | = 0-0885 Be +0°8 
12 | ”” 























As the titrations were performed to the nearest drop (0-05 ml.) and no 
correction made for fractions of a drop, the concordance should be regarded 
as satisfactory. 
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(B) Precipitation in the presence of 60% of acetic acid.—The above 
experiments were repeated using 65 ml. of glacial acetic acid. The precipi- 
tates obtained were found to be more granular and compact and could be 
filtered after about an hour, without boiling. The analytical results, however, 
were of the same accuracy. It is thus evident that this high concentration of 
acetic acid (60%) is not necessary for quantitative precipitation of the lead 
oxalate. 5-6% of acetic acid is quite sufficient except that in this case the 
precipitate is not so granular and hence requires boiling and cooling before 
filtration. 


Oxidation of Oxalic Acid by Nitric Acid—To determine whether any 
oxidation takes place on heating oxalic acid and nitric acid together, the 
following experiments were performed :— 


(a) An aliquot of the standard oxalic acid (Ca. 0-1 N) was treated with 
an equal volume of pure concentrated nitric acid (Ca. 16 N) and evaporated 
to dryness on the water-bath. The residue was dissolved in hot water, acidi- 
fied with dilute sulphuric acid, heated to 90° C. and titrated with permanga- 
nate. It was found that about 40% of the oxalic acid was oxidised under the 
conditions of the experiment. 


(b) A mixture of equal volumes of the oxalic acid and the concen- 
trated nitric acid was gently boiled for about an hour, the solution diluted 
with water, acidified with dilute sulphuric acid and titrated in the usual 
manner with permanganate. It was observed that about 60% oxidation 
occurred. 


(c) To determine approximately the magnitude of the oxidation with 
nitric acid under the conditions of an oxalate permanganate titration, experi- 
ments were carried out using (1) dilute nitric acid as ordinarily available 
and (2) dilute nitric acid which had been boiled and cooled. The procedure 
adopted was as follows : 20 ml. of the oxalic acid solution was treated with 
the calculated volume of the dilute nitric acid (8 N) followed by 20 ml. of 
dilute sulphuric acid and diluted to 100ml. —=The solution was then slowly 
heated to 90° C. and titrated at 60-90° C. with permanganate. No appre- 
ciable difference could be observed with the two kinds of dilute nitric acid 
referred to and there was no special difficulty in reaching the end-points in 
either case. The results obtained with different concentrations of nitric 
acid are shown in Table II. 










K. Neelakantam 
TABLE II 


Strength of Permanganate = 0-1014N 





Titre values Oxidation in 











| 
No. | Nitro Acid | terms of the 
Found | Correct | — 

(ml.) (ml.) 

: | 
IN | 19:0 | 192 0-2 
Z | 18-9 | 0-3 
3 | 19-0 | a 
4 | 2N 18-9 0:3 
5 | 18-8 | 0-4 
6 | 18-6 | 0:6 
7 4N 18-7 | 0-5 
8 18-5 | 0:7 














Appreciable oxidation occurred even under the conditions of an oxalate- 
permanganate titration. Nitric acid should not therefore be used in such 
titrations. 







Summary 


It has been shown that hydrochloric acid can be used for dissolving lead 
oxalate precipitates in the estimation of lead and also for the titration of the 
liberated oxalic acid with permanganate provided the concentration of the 
hydrochloric acid is not greater than 0-5 N. Employment of hydrochloric 
acid obviates the difficulties due to occlusion cf oxalic acid in Low’s method 
and the complications in the permanganate titration arising out of the use of 
nitric acid. Quantitative precipitation of lead as oxalate does not require 
60% concentration of acetic acid. Precipitation is complete even when 
5-6% of this acid is present. The use of nitric acid in oxalic acid-permanga- 
nate titrations has been shown to be not permissible. 





























The author wishes to thank Professor T. R. Seshadri for valuable help 
in the course of this investigation. 
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VARIOUS methods have been suggested from time to time for the colouri- 
metric estimation of nitrates. These depend on the colours developed by 
the reaction of nitrates, under suitable conditions, with diphenyl benzidine, 
brucine, pyrogallol or strychnine sulphate. They are not in common use 
on account of the fugitive character of the colours involved. The most 
commonly employed colourimetric method for the estimation of nitrates in 
minute quantities is the one which makes use of the phenol sulphonic acid.” 
Recently an alternative method was developed by Murty and Gopala Rao,° 
who employed the a-naphthol sulphonic acid reagent. Its usefulness has 
been extended by Murty? to the analysis of nitrate in the presence of nitrite. 
In these papers the relative merits of the two methods were dealt with. 


In the a-naphthol method the standard for the comparison of colours 
has to be prepared each time the analysis is carried out. This is necessary 
on account of the fact that the depth of the yellow colour changes on keep- 
ing for more than six hours. Attempts were therefore made to find out 
a suitable permanent standard. It was observed that a solution of 0-08 N 
ferric chloride could be satisfactorily substituted for the standard prepared® 
with a solution containing 0-25 mg. of nitrate nitrogen and the a-naphthol 
reagent. The following Table illustrates the accuracy of the results obtained 
by employing the ferric chloride solution as the standard. The colour of the 
ferric chloride solution is quite stable and hence it can be used as a permanent 
standard. 
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TABLE I 





Nitrate found using a solu- 
Nitrate found with | tion containing 0-25 mg. 
Nitrate ferric chloride as of nitrate nitrogen and 
taken standard the a-naphthol reagent 
as standard 





10-0 10-1 10-1 
20-0 19-8 19-9 
30°90 30-0 30:0 
40-0 40-1 40-0 
50-0 50-3 50-4 











Note—Nitrate is expressed as mg. x 10* of nitrogen‘ 


Further, the colour of the 0-08 N ferric chloride, and that of the standard 
nitrate solution, after being treated with the a-naphthol reagent, were ana- 
lysed by making use of the Keuffel and Esser colour analyser’ and the 
following Table gives an idea as to how closely they resemble. 


TABLE II 





| The corresponding nitrate 





0:08 N ferric . 

. rae solution on being treated 

chloride solution with the @-naphthol 

reagent 
Dominant wavelength 
m./w. 574 575 

Brightness .. <- 54 
Percentage purity .. 94 95 








It is thus clear that a solution containing 0-08 N ferric chloride could 
be satisfactorily employed as a permanent standard in the colourimetric 
estimation of nitrates by the a-naphthol sulphonic acid method. 


Summary 


It was shown that a solution of ferric chloride (0-08 N) could be satis- 
factorily employed as a permanent standard in the colourimetric estimation 
of nitrate by the a-naphthol sulphonic acid method. The close resemblance 
of the colours of the ferric chloride and the corresponding standard nitrate 
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solution was established by analysing them making use of the Keuffel and 
Esser colour analyser. 


In conclusion, the author desires to thank Prof. T. R. Seshadri for his 
kind interest in the work. 
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IN an earlier paper, Mehra and Pandya have reported on the condensation 
of malonanilic acid with aromatic aldehydes, making a comparative study 
of the yields and the products obtained by two different methods, viz., (i) by 
Robinson’s method of pyridine-excess with piperidine-trace and (ii) by the 
trace method, i.e., by the use of only a trace of pyridine or of piperidine.! 
It was shown that the comparison of the results clearly pointed out that 
the advantage lay with the trace method, and that this was only an extension 
of the observations recorded about the trace-method in connection with 
condensations of various aromatic aldehydes with plain malonic acid.? 


In the case of some of the aldehydes the product was a mixture of the 
corresponding benzylidenemalonanilic acid and the decarboxylation product 
cinnamanilide, e.g., piperonal gave piperonylidenemalonanilic acid and 
3 : 4-methylenedioxycinnamanilide.' The three hydroxybenzaldehydes, how- 
ever, gave, by both the methods, only the decarboxylated anilide. Similarly 
the unsubstituted benzaldehyde itself gave only the cinnamanilide. In these 
four cases the trace-method, while giving a higher yield, gave the same anilide 
as did the other pyridine-excess-piperidine-trace method, and no acid. 


The decarboxylation to the anilide may be due to the temperature 
employed, or to the base used, or to both. In the present paper are included 
the results obtained when either or both of these conditions were controlled. 
It appears that the base, even in a small trace, induced decarboxylation. 
In the absence of a base or any reagent, benzaldehyde, m-hydroxybenzal- 
dehyde and p-hydroxybenzaldehyde gave the corresponding benzylidene- 
malonanilic acid and the m- and p-hydroxybenzylidenemalonanilic acids 
respectively. But the o-isomer, salicylaldehyde, even under these conditions, 
gave only the same coumarin-3-carboxyanilide, showing that even in the 
absence of any base, the coumarined ring formation took place. When a 
much lower temperature was employed, no condensation took place at all, 
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even after 20 hours. The p-isomer gave a low yield (18%), the m- gave a 
fair yield of over 50% and the unsubstituted benzaldehyde gave up to 87%. 
This is but another illustration of the influence of the hydroxy group in these 
condensations.* 

Experimental 


Condensation with Salicylaldehyde——3-5 g. malonanilic acid and 2-4. 
salicylaldehyde were mixed in a flask and heated on a water-bath for three 
hours, when the reactants became a solid mass. It was then extracted with 
sodium carbonate solution and filtered. The filtrate was acidified but no 
acid separated out. The pale yellow residue weighed 1-6 g. and, on recrystal- 
lisation, melted at 246-47°. (The coumarin-carboxyanilide melts at 247°, 
Ahluwalia, Haq and Ray*, Mehra and Pandya'.) The yield was thus 
30-2%. 

Another condensation was attempted at 60° with the same quantities. 
There was no effervescence observed during 20 hours’ heating. On treatment 
with sodium carbonate and then hydrochloric acid, no acid came out. 
Extraction with ether gave some unchanged malonanilic acid. 


Condensation with m-Hydroxybenzaldehyde.—The aldehyde and the acid 
were heated together as before, in molecular proportions, on the water-bath, 
for five hours. The mass was still a brown viscous liquid. After treatment 
with sodium carbonate solution, extraction of the unused aldehyde with ether, 
and acidification of the alkali extract, m-hydroxybenzylidenemalonanilic 
acid came out, which on recrystallisation was obtained as white needles, 
melting at 209°. The yield was 2-4 g. (52% of theory). The acid was 
insoluble in water, but soluble in alcohol, ether, etc. With ferric chloride it 
gave no colouration. (N, Found : 4-95% ; C,gH,,0, N requires 4-96%). 


Condensation with p-Hydroxybenzaldehyde.—1-8 g. of malonanilic acid 
and 1-2g. of the aldehyde were heated on the water-bath for five hours. 
The mass became greenish and remained semi-solid. On treatment with 
sodium carbonate solution it became pink, again becoming greenish on acidi- 
fication. p-Hydroxybenzylidenemalonanilic acid was obtained in a small 
quantity (0-5 g., i.e., 18% of theory). On recrystallisation it became colour- 
less, and melted at 239-40°. A small quantity of the anilide was also sepa- 
rated, m.p. 208°. (N, Found: 5-08%; C’;,.H,;.O,N requires 4.96%.) With 
alcoholic ferric chloride the acid gave a deep red colour. 

Condensation with Benzaldehyde—1\-1g. benzaldehyde and 1-8 g. 
malonanilic acid were heated alone on a water-bath. In ten minutes the 
mixture was a homogenous liquid, and in half an hour it became a solid with 
a bluish tinge. After 45 minutes’ heating, the heating was stopped, and 
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when cold the product was extracted as usual. It had a bluish tinge. Recrystal- 
lised from hot alcohol, benzylidenemalonanilic acid came out in fine white 
needles, melting at 238°. The acid weighed 1-8 g. (65% of theory) with 0-2 g. 
of the anilide, m.p. 149°. 


In another experiment, the heating was continued for five hours, when the 
yield increased to about 86%. The acid was insoluble in water but soluble 
in the common organic solvents. It decolourized Baeyer’s reagent in the cold 
(N, Found : 5-38%; C’,,H,,;0,N requires 5-24%). 


Summary 


The condensations of o-, m- and p-hydroxybenzaldehydes with malo- 
nanilic acid in the absence of any condensing agent have been studied. The 
o-isomer gives the same coumarin-3-carboxyanilide as it does with a base, 
but the m- and the p-hydroxybenzaldehydes give the corresponding benzyl- 
idenemalonanilic acids: so does the unsubstituted benzaldehyde also. The 
last gives very good yields, while the para gives low yields. 


Our thanks are due to the Director of Public Instruction, United Pro- 
vinces, for the grant of a Research Scholarship to one of us (P.I) that has 
enabled him to take part in this work. 
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In Part II! it has been shown that in the condensations of malonanilic acid 
with the hydroxybenzaldehydes, the reaction is not so rapid in the absence 
of any condensing reagent as when a trace of pyridine or of piperidine is 
present, and that the product was, entirely in the case of the m-isomer and 
mainly in the case of the p-, the corresponding hydroxybenzylidenemalonanilic 
acid, when no reagent was present, while it was mainly the decarboxylated 
hydroxycinnamanilide when the condensation was carried out in the presence 
of a base. The behaviour of the o-isomer, salicylaldehyde was peculiar. 


Condensation of malonanilic acid with o-nitrobenzaldehyde, by Robin- 
son’s reagent, has been carried out by Ahluwalia, Haq and Ray,” and the 
condensations with the three, o-, m- and p-nitrobenzaldehydes, in the pre- 
sence of a trace of pyridine or piperidine, have been already reported by 
Mehra and Pandya.* The products in all the cases were the corresponding 
anilide. 


The present work was started with the object of finding out whether the 
nitrobenzaldehydes would give the acid, as did the hydroxybenzaldehydes, 
when condensations were carried out in the absence of the base or of any 
other reagent. Moreover, the m- and p-acids do not appear to have been 
prepared so far. 


The results are interesting. Here also the reaction in each case went 
very slowly in the absence of the base. The product in every case was a 
mixture of the acid and the anilide, with the acid product preponderating 
very largely in quantity. The behaviour of the o-isomer was again peculiar: 
it reacted with extreme slowness, and gave smaller yields of the. mixture, 
even with longer heating (vide the Table). The behaviour of both the 
o-hydroxy- and the o-nitrobenzaldehydes must be due to what is now well 
recognized as the hydrogen bond, which gives greater stability and less 
reactivity to the aldehyde group. 
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Experimental 


Condensation with p-Nitrobenzaldehyde.—0-75 g. of the aldehyde and 
0-9 g. malonanilic acid were heated together on a water-bath. The solid 
mixture soon became a homogeneous liquid, but set to a green solid after 
about an hour’s heating. Heating was continued for another hour. This 
was treated with 10°/ sodium carbonate solution, and the residue, p-nitro- 
cinnamanilide was filtered off. This was recrystallised from dilute alcohol, 
when it melted at 208°, which is the same as reported by Mehra and Pandya.* 
Yield 0-3 g. or 22-4% of theory. 


p-Nitrobenzylidenemalonanilic Acid —The filtrate containing the sodium 
salt was acidified and gave a yellow mass of crystals, which when recrystal- 
lised from dilute alcohol, came out as yellow needles, melting with decom- 
position at 240°. (Yield 1-2g. or 76-9%.) (Found: Nitrogen 9-27%; 
C,.H,.0;N. requires 8-9494.) 


The acid gave a pale yellow silver salt which decomposed at 231°. 
(Found: Silver 26-08%; while C,,H,,O;N.Ag requires 25-78%.) 


Condensation with m-Nitrobenzaldehyde.—O-75 g. of m-nitrobenzaldehyde 
was condensed with 0-9 g. malonanilic acid as above. The solid soon fused 
to a homogeneous liquid which in two hours solidified to a green mass. 
After some more heating, it was cooled and extracted with sodium carbonate 
as above. The anilide as well as the acid were obtained separately. 


The m-nitrocinnamanilide, on purification, melted at 194° (same as 
reported by Mehra and Pandya’). It weighed 0-4g. (Yield 29-99%. 


m-Nitrobenzylidenemalonanilic Acid—Recrystallised from dilute alcohol, 
the acid came out as tiny white needles, melting with decomposition at 
226°. Weight 1-1 g. (Yield 70-7%.) (Found: Nitrogen 9-24%; Calc. 
8.94%. 

The silver salt decomposed at 211°. (Found: Silver 25.9%; Calc. 
25-78%.) 

Condensation with o-Nitrobenzaldehyde.—0-75 g. of o-nitrobenzaldehyde 
was heated on the water-bath with 0-9 g. of malonanilic acid for six hours. 
There was a slight effervescence at first: the mass, which had fused to a 
green viscous liquid, remained so all through without becoming solid. On 
cooling and adding water, a solid was formed which was treated with sodium 
carbonate solution as usual. The undissolved anilide weighed 0-5g. 
(37-3%), was recrystallised from alcohol and was separated by means of 
benzene into two fractions, one white, melting at 172° and the other yellow, 
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melting at 190°. These two isomers have also been reported by Mehra 
and Pandya.* 


o-Nitrobenzylidenemalonanilic Acid —The sodium carbonate extract on 
acidification gave a white precipitate, which on recrystallisation from alcohol, 
melted at 172° giving out carbon dioxide. This corresponds with the acid 
reported by Ahluwalia, Haq and Ray? as obtained by their method, though 
Mehra and Pandya (loc. cit.) did not obtain the acid when the condensation 
was carried out in the presence of a base, either according to the method 
of A., H. and R. or by the trace-method. The acid weighed 0-5 g., the 
yield being 32%. 


As this acid as well as one form of the cinnamanilide had an identical 
melting-point, 172°, which is remarkable, a mixed melting-point of the two 
was taken: the mixture melted at 140—-48°. 


The following table, consolidating the results of Mzhra and Pandya 
with the above results, gives a clear picture of (i) the influence of the base 
on these condensations and (ii) the influence of the nitro-group in different 
positions on the ring :— 


























TABLE 
| Conditions of condensation | Products 
Aldehyde 
Hours of Acid Anilide 
Base heating vi % 
p-Nitrobenzaldehyde id ..| Trace of | 1°25 | 0 74:6 
pyridine | | 
| 
Nil | 2 77-2 22-4 
m-Nitrobenzaldehyde .. = ..| Trace | 1-25 | 0 67 
Nil 2 | 70-7 30-2 
o-Nitrobenzaldehyde ... ut ..| Trace | 1°25 | 0 70:9 
Nil | 5 | 32-1 1-7 
oo — 
Summary 


Condensations of the three nitrobenzaldehydes with malonanilic acid 
have been studied in the absence of any catalyst or condensing agent. The 
benzylidenemalonanilic acids are thus obtained. The o- gives both the acid 
and the anilide, but the yields are smaller and the reaction is much slower. 
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Our thanks are due to the Director of Public Instruction, United 
Provinces, for the grant of a research scholarship to one of us (P.I.) that 
has enabled him to take part in this work. 
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As the study of the chemical properties of 2 : 4-diacetyl-l-naphthol and (2- 
acetyl-4-propionyl-l-naphthol by Akram and Desai’ revealed some interesting 
properties of this class of compounds, we thought it necessary to prepare 
some more compounds of this type for further investigation. 2 : 4-dipro- 
pinyl-l-naphthol (I, R =Propionyl) which can be most conveniently pre- 
pared by the condensation of propionyl chloride with 2-propionyl-1-naphthol 
in the presence of anhydrous zinc chloride does not form a picrate. This 
seems to be the general property of 2 : 4-diacyl-l-naphthols, whilst 2-acyl- 
and 4-acyl-l-naphthols readily form this derivative. Bromination with one 
mol. of bromine gave a monobromo-derivative which was presumably 2-a- 
bromopropionyl-4-propionyl-l-naphthol (II) as the action of hot 5 per cent. 
NaOH gave bromine-free, neutral, as well as acidic products. Its dibromo- 
as well as tribromo-derivatives could not be obtained in a state of purity. 


Nitration of 2: 4-dipropionyl-l-naphthol with one mol. of fuming 
nitric acid gave mainly 4-nitro-2-propionyl-l-naphthol, together with small 
amounts of 2-nitro-4-propionyl-l-naphthol and 2: 4-dinitro-1-naphthol, 
while 2: 4-dinitro-l-naphthol and 2-nitro-4-propionyl-l-naphthol were 
formed when two mols. of nitric acid were used. It was not possible to iso- 
late a nitro derivative containing both the propionyl groups intact. The 
lability of the propionyl group in either 2- or 4-position, and especially in 
the latter was further revealed by heating 2: 4-dipropionyl-l-naphthol with 
either propionic or acetic acid in presence of anhydrous zinc chloride, when 
2-propionyl-l-naphthol was formed in each case. Vigorous acetylation 
of 2 :4-dipropionyl-l-naphthol gave 2: 3-dimethyl-6-propionyl-1 : 4-c- 
naphthapyrone (III, R =propionyl) the alkaline hydrolysis of which gave 
4-propionyl-1-hydroxy-2-naphthoic acid, as on heating it was quantitatively 
converted into 4-propionyl-1l-naphthol. 

Clemmenson Reduction of the acid gave 4-propyl-1-hydroxy-2-naph- 
thoic acid. 
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4-acetyl-2-propionyl-l-naphthol (I, R = acetyl) was obtained either by 
the action of acetyl chloride on 2-propionyl-l-naphthol or of propionvl 
chloride on 4-acetyl-Il-naphthol, and as the same product was formed 
ineach case, its constitution was beyond doubt. It did not form a picrate as 
usual, but gave a monobromo-derivative readily. As the bromine is removed 
by the action of 5 per cent. alkali with the formation of a halogen-free acidic 
product, the halogen must be present in the side-chain away from the 
hydroxyl group. The action of sodium methoxide did not give any neutral 
coumaranone derivative. Therefore, it must presumably be 2-propionyl-4- 
bromoacetyl-I-naphthol (IV). Nitration with one mol. of fuming nitric 
acid gave mainly 4-nitro-2-propionyl-l-naphthol and small amounts of 2- 
nitro-l-naphthol and 2 : 4-dinitro-l-naphthol. The Nencki Reaction using 
either acetic or propionic acid gave 2-propionyl-l-naphthol. Vigorous 
acetylation gave 2 : 3-dimethyl-6-acetyl-1 : 4-a-naphtha-pyrone (III,R = 
acetyl) which was hydrolysed by dilute alkali to 4-acetyl-1-hydroxy-2-naphthoic 
acid, the decarboxylation of which gave 4-acetyl-l-naphthol. 


OH OH 


4N/\co-cr-cis Py 


| | CO-CH BrCH, 
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2 CO C2 BH; 
(I) (II) 
Rs 
J aw 
CG ra 
ie OH 
lows tte H. 
ie 
R CO-CHe Br 
(111) (IV) 
Experimental 


2 : 4-Dipropionyl-\-naphthol_(a) To a mixture of powdered anhydrous 
Zinc chloride (15 ¢g.), 2-propionyl-l-naphthol (20g.) and _ nitrobenzene 
(150 c.c.), propionyl chloride (11 g.) was gradually added with constant 
shaking and cooling. The mixture was worked up as usual after 48 hours 
and the resulting solid product purified through dilute alkali. It crystallised 
from hexane in white needles m.p. 103° (yield is almost quantitative). 


(b) Propionyl chloride (11 g.) was slowly added to a solution of 4- 
propionyl-l-naphthol (20 g.), and anhydrous aluminium chloride (15 g.) in 
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nitrobenzene (125 c.c.). The solid obtained by working up the product as 
usual after 48 hours was exhaustively extracted with hexane which dissolved 
2 : 4-dipropionyl-l-naphthol (yield 45 per cent.). The hexane-insoluble 
portion consisted of unreacted 4-propionyl-l-naphthol and a high-melting 
compound of the dinaphtho! type. 


2 : 4-dipropionyl-l-naphthol is soluble in the usual organic solvents, 
but almost insoluble in concentrated caustic soda solution (over 5 per cent.) 
as the sodium salt is precipitated. Its alcoholic solution gives a prussian- 
blue coloration with ferric chloride. It does not form a picrate. (Found : 
C, 74-7; H, 6-4. C,.H,,O, requires C, 75-0; H, 6-3 per cent.) 


2-a-bromo-propionyl-4-propionyl-\-naphthol.—Bromine (0:4 c.c.) dissolv- 
ed in glacial acetic acid (10c.c.) was gradually added to a solution of the 
ketone (2 g.) in acetic acid (25c.c.). The solid obtained by pouring the solu- 
tion into a large quantity of water after 24 hours crystallised from hexane 
in yellow needles m.p. 100° (depressed to 75° by the original ketone, as well as 
4-bromo-2-propionyl-l-naphthol m.p. 98°). Its alcoholic solution gave 
greenish-black coloration with ferric chloride. (Found: Br, 24-0; C,.H,;0, Br, 
requires Br, 23-9 per cent.) 


Action of 5 per cent. alkali on the monobromo derivative-—A solution 
of the monobromo derivative (1 g.) in 5 per cent. NaOH (25 c.c.) was heated 
on water-bath under reflux for three hours. The solid that separated out 
was filtered off, washed with water, and crystallised from alcohol when 
small plates m.p. 254° were obtained. (Found: C, 75-3; H, 5-6. C,,H,,0, 
requires C, 75-6 ; H, 5-5 per cent.) 


The aikaline solution was acidified with concentrated hydrochloric acid 
when a solid which crystallised from alcohol in small needles m.p. 133° was 
obtained. (Found, C, 75-2; H, 5-7. C,gH,,O; requires C, 75-6; H, 5-5 
per cent.) 


Nitration of 2 :4-dipropionyl-\-naphthol with one mol. of fuming nitric 
acid and formation of 4-nitro-2-propionyl-\-naphthol, 2-nitro-4-propionyl-\- 
naphthol and 2 : 4-dinitro-\-naphthol—A solution of fuming nitric acid 
(0-4 c.c. ;d = 1-5) in glacial acetic acid (5c.c.) was slowly added to cooled 
solution of 2 : 4-dipropionyl-l-naphthol (2 g.) in glacial acetic acid (50 c.c.). 
The solid that separated out after one hour was filtered off, and crystallised 
from alcohol when pale-yellow needles of 4-nitro-2-propionyl-1-naphthol 
m.p. 162° were obtained. The acetic acid mother-liquor, on pouring into 
much water furnished a solid which was treated with 5 per cent. NaOH 
solution. The alkali-insoluble salt furnished 2-nitro-4-propionyl-1-naphthol 
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m.p. 100° (next paper) while the soluble salt gave 2: 4-dinitro-1- 
naphthol m.p. 138°. 

Nitration of 2 : 4-dipropionyl-\-naphthol with two mols. of nitric acid.— 
Fuming nitric acid (0-4 ¢.c.) was slowly added to a cooled solution of the 
naphthol (1 g.) in glacial acetic acid (30c.c.). As nothing separated out 
the mixture was poured into a large quantity of water after four hours. An 
oil, slowly solidifying to a yellow mass was obtained, and this was treated 
with 5 per cent. caustic soda solution. The alkali-insoluble sodium salt 
gave 2-nitro-4-propionyl-l-naphthol, while the soluble salt gave 2: 4-dinitro- 
l-naphthol. 

Nencki Reaction with 2: 4-dipropionyl-l-naphthol using acetic and 
propionic acids.—A solution of anhydrous zinc chloride (1 g.) ; 2 : 4-dipro- 
pionyl-l-naphthol (1 g.) and glacial acetic or propionic acid (10c.c.) was 
heated on sand-bath under reflux for three hours, and poured into water. 
The solid was crystallised from alcohol, and identified as 2-propionyl- 
l-naphthol by mixed m.p. with an authentic specimen. 

Kostanecki Reaction with 2 : 4-dipropionyl-\-naphthol and formation of 
2 : 3-dimethyl-6-propionyl-1 : 4-a-naphtha-pyrone.—A mixture of 2 : 4-dipro- 
pionyl-1-naphthol (3 g.), anhydrous sodium acetate (6 g.) and acetic anhydride 
(15 c.c.) was heated in an oil-bath at 170-80° for eight hours, and poured into 
water. The solid, after being triturated with 5 per cent. caustic soda solution 
crystallised from alcohol in white needles m.p. 168°. The chromone dissolved 
in concentrated sulphuric acid with a greenish-yellow colour and fluorescence. 
(Found: C, 77-0; H, 5-6. C,gH,,O3 requires C, 77.1; H, 5-7 per cent.) 


Hydrolysis of the Chromone to 1-hydroxy-4-propionyl-2-naphthoic acid.— 
The chromone (2 g.) suspended in 5 per cent. caustic soda solution (25 c.c.) 
was heated under reflux on sand-bath for three hours. The cooled, filtered 
solution, on acidification with concentrated hydrochloric acid gave an acid 
which crystallised from alcohol in slender, white needles m.p. 205°. Its 
alcoholic solution gave prussian-blue colour with ferric chloride. (Found: 
C, 68-6 ; H, 5-2. C,,H,,O, requires C, 68-9 ; H, 5-0 per cent.) 

When heated above its melting point for nearly half an hour, it decom- 
posed into 4-propionyl-l-naphthol m.p. 188°, identified by comparing it with 
an authentic specimen (next paper). The reduction of 1-hydroxy-4- 
propionyl-2-naphthoic acid by amalgamated zinc gave 1-hydroxy-4-propyl-2- 
naphthoic acid which crystallised from hexane in white plates m.p. 174°. 
(Found: C, 72-8; H, 6-2. C,,H,,O3; requires C, 73-0; H, 6-1 per cent.) 

This acid gave 4-propyl-l-naphthol on heating above its m.p. for haif 
an hour. 
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4-acetyl-2-propionyl-1-naphthol.—(a) Acety! chloride (12 g.) was slowly 
added to a mixture of 2-propionyl-l-naphthol (30 g.), powdered zinc chloride 
(20 g.) and nitrobenzene (200c.c.). After forty-eight hours, the mixture 
was worked up as usual, and the solid, purified through five per cent. alkali, 
crystallised from dilute alcohol in slender needles m.p. 142° (yield = 80 per 
cent.) 

(b) The same substance can be obtained in 75 per cent. yield by the action 
of propionyl chloride on 4-acetyl-l-naphthol in presence of anhydrous alumi- 
nium chloride. The alcoholic solution of the naphthol gave prussian-blue 
colour with ferric chloride, and did not form a picrate. (Found : C, 74.2: 
H, 5-9. C,;H,,03; requires C, 74-4; H, 5-8 per cent.) 


When heated with a solution of zinc chloride in either acetic or pro- 
pionic acid, it was converted into 2-propionyl-l-naphthol, with the loss of 
the acetyl group. 


2-propionyl-4-bromoacetyl-\-naphthol, was obtained by adding a five 
per cent. solution of Bromine in chloroform (50 c.c.) to a solution of 4-acetyl- 
2-propionyl-l-naphthol (2 g.) in chloroform (50c.c.). After the removal 
of chloroform, the solid crystallised from alcohol in brownish-yellow needles 
m.p. 158°. (Found: Br, 24-8. C,;H,,;0, Br requires Br, 24-9 per cent.) 


Action of 5 per cent. caustic soda on the monobromo derivative.—This has 
done as usual, and the halogen-free acidic product crystallised from alcohol 
in small needles m.p. 108°. The same result was obtained by the action of 
alcoholic sodium methoxide. (Found: C, 69-5; H, 5-5. C,;H,,0,4 requires 
C, 69-8 ; H, 5-4 per cent.) 


Nitration of 2-propionyl-4-acetyl-\-naphthol with one mol. of fuming nitric 
acid.—To a solution of the naphthol (1 g.) in glacial acetic acid (20c.c.), 
fuming nitric acid (0-1 c.c.) dissolved in the same solvent (5c.c.) was 
gradually added with sufficient stirring and cooling. The solid that 
separated out after half an hour was filtered off and was identified as 4-nitro- 
2-propionyl-l-naphthol by a mixed m.p. with an authentic specimen. The 
glacial acetic acid mother-liquor gave a solid on pouring into water. On 
treating this with 5 per cent. caustic soda solution, the orange-red sodium 
alt that separated out was identified as that of 2-nitro-1-naphthol (m. p. 128°) 
while the soluble salt gave 2 : 4-dinitro-l-naphthol (m.p. 138°). 


The Kostanecki Reaction with 4-acetyl-2-propionyl-\-naphthol gave 2: 3- 
dimethyl-6-acetyl-1: 4-a-naphthapyrone which crystallised from alcohol in 
slender, white needles m.p. 189°. It dissolved in concentrated sulphuric azid 
with a yellowish-green colour and fluorescence. (Found: C, 76-3; H, 5-1. 
C,,H,,0, requires C, 76-7 ; H, 5-3 per cent.) 
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The Chromone gave \-hydroxy-4-acetyl-2-naphthoic acid, on alkaline 
hydrolysis, and the alcoholic solution of this acid gave prussian-blue colour 
withferric chloride. It crystallised from alcohol in needles m.p. 219-220°. 
(Found: C, 67-6; H, 4-5. C,3H,O, requires C, 67-8; H, 4-3 per 
cent.) 


When this acid was heated at 200° for one hour, the residue, after tri- 
turation through sodium bicarbonate solution crystallised from alcohol in 
needles m.p. 200°, and was identified as 4-acetyl-l-naphthol by a mixed m.p. 


We express our grateful thanks to Capt. M. Haider Khan, M.A., B.Sc., for 
his kind interest in this work and provision of facilities. 


Summary 


2 : 4-dipropionyl-l-naphthol, and 4-acetyl-2-propionyl-l-naphthol have 
been prepared, and have been subjected to bromination, nitration and vigo- 
rous acetylation. The constitution of the resulting products in each case has 
been determined. The acyl groups in 2 as well as 4 positions are found to 
be labile during nitration, and it is observed that the 4-acyl group, whatever 
its character, is found to be more labile than the 2-acyl group as the latter 
is unaffected during the course of the Nencki Reaction. 
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4-PROPIONYL-l-NAPHTHOL can best be prepared by the action of propionyl 
chloride on a-naphthol in the presence of zine chloride, though other less 
satisfactory methods are also described in the experimental portion. It 
readily gave the picrate, the semicarbazone, the methyl ether and the acetyl 
derivative. The condensation of this hydroxy-ketone with acid chlorides 
takes place easily in the presence of anhydrous aluminium chloride but no 
zinc chloride with the formation of 2: 4-diacyl-l-naphthols. The applica- 
tion of the Nencki Reaction to 4-propionyl-l-naphthol is interesting in the 
fact that if sufficient time is given (six to eight hours), the resulting products 
are always 2-acyi-l-naphthols, whilst if the reaction is allowed to proceed 
only for a short time (two to three hours), it is possibie to isolate either 
a-naphthol or 2: 4-diacyl-!-naphthol which is supposed to be the inter- 
mediate product. 


Bromination of 4-propionyl-l-naphthol gave the monobromo- and the 
dibromo-derivatives. As the monobromo-derivative is unaffected by hot 
alkali solution, the bromine must be situated in the nucleus. Therefore, 
its constitution is 2-bromo-4-propionyl-l-naphthol. One of the bromine 
atoms of the dibromo-derivative can be replaced by hydroxyl by the action 
of dilute alkali; therefore, this bromine must be situated in the side-chain, 
and the constitution of the dibromo-derivative must be 2-bromo-4-a-bromo- 
propionyl-l-naphthol (1). 

Nitration with one mol of fuming nitric acid gave 2-nitro-4-propionyl- 
l-naphthol together with small quantities of 2-nitro-l-naphthol and 2: 4- 
dinitro-l-naphthol. When two mols or excess of nitric acid was used, the 
sole product was 2: 4-dinitro-l-naphthol, showing that the propionyl group 
was eliminated. 

The Clemmenson Reduction gave 4-propyl-l-naphthol, together with 
a neutral, hydroxylic compound supposed to be 4-propyl-ac-tetrahydro-I- 
naphthol (II). It was characterised by the picrate, and underwent the Nencki 
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Reaction with ease. On coupling it with benzenediazonium chloride in 

alkaline solution, 4-propyl-2-benzene-azo-1-naphthol, as well as the phenyl- 

hydrazone of 4-ethyl-8-naphthaquinone (III) was obtained. Further work 
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regarding the action of diazosalts on 4-propionyl-1-naphthol is being actively 
pursued. 


Experimental 


4-Propionyl-\-naphthol.—_(1) The mixture obtained by adding propionyl 
chloride (15 g.) to a mixture of a-naphthol (20 g.), powdered anhydrous 
zinc chloride (20 g.) and nitrobenzene (125 c.c.) with efficient shaking and 
cooling was worked up as usual after forty-eight hours. The solid obtained 
on cooling is dried and exhaustively extracted with hexane which dissolves 
only 2-propionyl-l-naphthol (6 g.), while the insoluble residue is recrystal- 
lised from alcohol when white, silky needles (m.p. 188°) are obtained (12 g.). 
It is soluble even in warm sodium bicarbonate solution and its alcoholic 
solution does not give any colour with ferric chloride. (Found: C, 77-8; 
H, 5-9. C,,;H,.O, requires C, 78:0; H, 6-0 per cent.) 


(2) The above method was repeated using propionic anhydride in place 
of propionyl chloride. As warming of the mixture on the water-bath is 
necessary, the products obtained are coloured and the yield is not as good 
as in case (1). 


(3) The condensation was carried out using anhydrous aluminium 
chloride and propionyl chloride but the yield of 4-propionyl-1-naphthol 
was poor. 


(4) The reaction was repeated using anhydrous aluminium chloride and 
acetic anhydride, but even here the yield was not as good as in case (1). 


The Acetyl derivative obtained by heating the compound (1 g.) with acetie 
anhydride (5c.c.) for three hours crystallised from dilute alcohol in lustrous 
leaflets (m.p. 92°). Warming with dilute alkali solution regenerated the 
original hydroxy-ketone. (Found: C, 74-0; H, 5-9. C,;H,,O; requires 
C, 74-4; H, 5-8 per cent.) 
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The Picrate prepared by mixing equal weights of the components in 
warm benzene, crystallised in orange needles (m.p. 158°). (Found: C, 53-0; 
H, 3-4. Cj sH,,OgN; requires C, 53-2; H, 3-2 per cent.) 


The Methyl ether obtained by shaking the alkaline solution of the 
naphthol (1g. in 10c.c. of 10 per cent. NaOH) with dimethyl sulphate 
(3 c.c.) crystallised from hexane in lustrous plates (m.p. 58°). It was identical 
with the product described by Gattermann, Ehrhardt and Maisch.2 


The Semi-carbazone crystallised from alcohol in small needles (m.p. 223°). 
(Found: C, 65-1; H, 6-0. C,,H,;0.N; requires C, 65-4; H, 5-8 per cent.) 


Action of glacial acetic and propionic acids in presence of zinc chloride 
and formation of 4-propionyl-2-acetyl-\-naphthol, 2-acetyl-\-naphthol; a-naph- 
thol and 2-propionyl-\-naphthol—A mixture of 4-propionyl-l-naphthol (2 g.). 
anhydrous zinc chloride (2 g.) and acetic acid (20 c.c.) was heated on sand- 
bath for three hours. The solid obtained by pouring the mixture into a large 
quantity of water was purified through dilute alkali, dried, and extracted with 
hexane. The insoluble portion was the original 4-propionyl-1-naphthol, 
while the soluble portion was fractionally crystallised from alcohol. The 
first fraction gave needles (m.p. 130°), identified as 2-acetyl-4-propionyl- 
l-naphthol by comparison with an authentic specimen prepared by Akram 
and Desai,” while the second fraction (m.p. 101°) was proved to be 2-acetyl- 
1-naphthol. 


If the heating of the original mixture was carried out for six to seven 
hours, 2-acetyl-l-naphthol constituted the only isolable product. The same 
reaction was repeated using propionic acid. Though much of the original 
product remained unchanged after three hours, an appreciable amount of 
a-naphthol was isolated (25 per cent.) while 2-propionyl-l-naphthol was 
the sole product after seven hours. 


2-Bromo-4-propionyl-1-naphthol was obtained by adding the chloroform 
(5c.c.) solution of bromine (0-5) to the chloroform (25 c.c.) solution of 
4-propionyl-l-naphthol (2 g.). The solid, after the removal of chloroform- 
crystallised from hexane in colourless needles (m.p. 111°) (depressed to 86° by 
2: 4-dibromo-1-naphthol (m.p. 110°). The product was recovered unchanged 
after heating with 5 per cent. caustic soda solution. (Found: Br, 28-1. 
C,,;H,,0.Br requires Br, 28-3 per cent.) 


2-Bromo-4-a-bromopropionyl-\-naphthol was obtained as above by using 
double the quantity of bromine and exposing the mixture to sunlight for 
twenty-four hours, and crystallised from alcohol in pale-yellow needles 
(m.p. 132°). (Found: Br, 44-6. (C,;H,,O.Br. requires Br, 44-7 per cent.) 
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On heating with 5 per cent. caustic soda solution it gave a brown solid 
(m.p. 223°) and containing 27-0 per cent. of bromine. 

2-Nitro-4-propionyl-1-naphthol—A _ solution of fuming nitric acid 
(d.= 1-5; le.c.) in glacial acetic acid was gradually added with constant 
shaking and cooling to the solution of 4-propionyl-l-naphthol (5 g.) in 
glacial acetic acid (50c.c.). The contents were poured into water after 
four hours, and the solid that gradually separated out was treated with 
5 per cent. alkali. The insoluble reddish orange sodium salt was filtered 
off, dissolved in water and decomposed with concentrated hydrochloric acid. 
The solid crystallised from hexane in deep yellow needles (m.p. 100°). 
(Found: C, 63-5; H, 4-6. C,,;H,,O,N requires C, 63-7; H, 4-5 per cent.) 


The hexane insoluble portion crystallised from dilute alcohol in yellow 
needles m.p. 128°, and was identified as 2-nitro-1-naphthol. 


The alkali-soluble sodium salt, on decomposition with hydrochloric 
acid gave 2: 4-dinitro-l-naphthol (m.p. 138°), which was the sole product 
of nitration if the reaction was carried out using two mols of nitric acid. 


Reduction of 4-propionyl-1-naphthol to 4-propyl-\-naphthol and 4-propyl-ac- 
tetrahydro-1-naphthol—A mixture of 4-propionyl-1-naphthol (20 g.), amalga- 
mated zinc (30 g.) and dilute hydrochloric acid (100c.c.) was heated on 
sand-bath under reflux for six hours. The oily product was extracted with 
ether, and separated into acidic and neutral components with dilute alkali. 
The acidic product, b.p. 150°/ 6 mm., was a viscous liquid with a phenolic 
smell and solidified if cooled in ice (yield=50 per cent.). (Found: C, 
83-6; H, 7-6. C,3H,,O requires C, 83-9; H, 7-5 per cent.) 


The Picrate prepared in benzene solution crystallised in orange-red 
needles (m.p. 138°). (Found: C, 54-5; H, 4-2. C,9H,,OsN3 requires C, 
54-9; H, 4-1 per cent.) 


The neutral product of reduction, b.p. 126-28°/ 6 mm., was a yellowish 
brown liquid that did not solidify. It did not give a picrate, but its benzene 
solution reacted with sodium liberating hydrogen. (Found: C, 81-9; H, 
9-7. C,;H,,O requires C, 82-1; H, 9-5 per cent.) 


Nencki Reaction with 4-propyl-\-naphthol, and formation of 2-acetyl- 
4-propyl-1-naphthol——The mixture of the naphthol (1 g.), zinc chloride (1 g.) 
and glacial acetic acid (15¢.c.) was heated on sand-bath under reflux for 
three hours, and the solid that was obtained on pouring the mixture into 
water was purified through dilute alkali. It crystallised from hexane in thick, 
prismatic needles (m.p. 185°). (Found: C, 78-7; H, 7-1. C,;H gO, requires 
C, 79-0; H, 7-0 per cent.) 

A4 F 
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Its alcohol solution gave dark-green coloration with ferric chloride. 


Coupling of 4-propyl-\-naphthol with benzene-diazonium chloride and 
formation of 4-propyl-2-benzeneazo-\-naphthol and the phenylhydrazone of 
4-propyl-B-naphthaquinone.—An ice-cold diazotised solution of aniline (1 g.) 
in hydrochloric acid was gradually added to the alkaline solution of 4-propyl- 
l-naphthol (2 g.). A deep red precipitate which was immediately formed 
was filtered off, and separated into 5 per cent. alkali-soluble and insoluble 
components. The alkali-soluble portion crystallised from hexane in deep 
red needles (m.p. 186°). (Found: C, 78-4; H, 6-4. C,)H,,ON, requires C, 
78-6; H, 6-2 per cent.) 


The neutral product crystallised from dilute alcohol in microcrystalline, 
dark-red plates (m.p. 150°). (Found: C, 78-3; H, 6-3. C,,H,,ON, requires 
C, 78-6; H, 6-2 per cent.) 


We are thankful to Capt. M. Haider Khan, M.A., B.Sc., for the provision 
of facilities and also for his kind interest in this work. 


Summary 
The best method of preparing 4-propionyl-1-naphthol has been worked 
out. Its simple chemical properties like bromination, nitration, reduction, 
as well as the formation of functional derivatives have been studied. 4-Propyl- 
1-naphthol has also been subjected to some chemical reactions. 
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7. Introduction 


Astupy of the Raman effect furnishes an effective method of solving several 
problems of physical and chemical interest. It has been realised recently, 
that the results obtained with crystals have.an important bearing on the 
theory of the solid state, but much work has not so far been done in respect 
ofthis branch. It is not easy to get large and transparent solid lumps, which 
can give good Raman spectra. This is the chief obstacle to such investiga- 
tions. Nevertheless, some crystal powders and also some single crystals 
have been studied. With regard to the effect of orientation on the Raman 
spectrum of a crystal, the early work of Cabannes and Canals,’ Michalke? 
and Schaefer, Matossi and Aderhold® may be mentioned. All these authors 
used only unpolarised light for incidence. Miss Osborne* was, however, 
the first to use polarised incident light and she obtained some interesting 
preliminary results. 


In a recent paper, Bhagavantam and Venkatarayudu® stressed the im- 
portance of a more detailed study of the normal modes of oscillation of a 
crystal, and of studying the effect of orientation on the Raman spectrum of 
acrystal. The work that has so far been done in the case of gypsum is 
meagre. Much attention has not been paid to the problem of directional 
excitation. This crystal was studied previously by Krishnan,* Krishnamurty,? 
Cabannes,’ Dickinson and Dillon,® Williams and Hollaender,!° Rasetti, 
Schaefer, Motossi and Aderhold®!2 and Nisi.1* The results obtained are 
widely varying and they are given in detail in a later section. Krishnan, for 
example, recorded two sulphate frequencies 1011 and 1134 and three broad 
lines due to water of crystallization with frequencies 3493, 3397 and 3240, 
the middle one being the most intense. Cabannes, Schaefer, Matossi and 
Aderhold could record six sulphate frequencies and two water frequencies 


while Nisi could observe seven sulphate frequencies in addition to the two 
water frequencies. 
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There are wide differences in the relative intensities of the two water 
bands as obtained by different investigators. This induced Nisi to study 
the crystal in various directions and to observe the changes in the relative 
intensities of the Raman lines. Thus, Nisi studied gypsum with its axes 
making various angles with the direction of the incident unpolarised light and 
that of the scattered light. Schaefer, Matossi and Aderhold also studied 
gypsum crystal in the shape of a parallelopiped with the 5 axis parallel 
and perpendicular to the incident unpolarised light. None attempted to use 
polarised incident light with gypsum previously. In this investigation, an 
attempt is made to study the effect of orientation on the crystal spectrum, 
using polarised incident light and analysing the scattered light. 


This crystal belongs to the monoclinic class and has a structural unit 
containing four molecules. Its space group is C,,° and there is a perfect 
cleavage plane parallel to the (010) face. The SO, groups are tetrahedral 
in shape. 

2. Experimental Technique 


From a lump of a gypsum crystal supplied by Ward’s Natural Science 
Establishment, New York, a piece of suitable shape has been cut. One of 
the edges is parallel to the b axis and is therefore parallel to one of the 
principal axes of the optical ellipsoid. The two other edges, which lie in 
the cleavage plane, are found to make approximately 45° each with the piinci- 
pal axes of the optical ellipsoid in that plane. The investigation would have 
been more satisfactory if a parallelopiped with the three faces parallel to 
the principal sections of the ellipsoid had been cut, but this was not possible 
with the lump available. Accordingly, the crystal is regarded as a uniaxial 
one in the present investigation, the cleavage plane being treated as a plane 
of optical symmetry. As flakes come out easily in this crystal along the 
cleavage plane, no other method except rubbing against chamois leather 
could be used for polishing the cut faces. They are patiently rubbed against 
the leather for a long time till a considerable amount of polish is obtained. 


Light from a six-inch quartz mercury lamp is focussed on the crystal 
by a large glass condenser involving a semi-angle of convergence of about 
10°. Itis found impracticable to eliminate the convergence defect altogether. 
A suitably oriented polaroid is used between the lens and the crystal so as 
to secure the desired state of polarisation for the incident light. The polar- 
oid has to be placed as near to the crystal as possible and care is taken to 
see that no light which does not pass through the polaroid is allowed to 
fall on the crystal. The scattered light is separated into the horizontal and 
the vertical components by means of a suitably oriented double image prism 
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and the two components are simultaneously focussed on to the slit of a 
high light gathering power Fuess glass spectrograph by means of another 
lens. The intensity of the scattered light is enhanced by the following two 
devices. The incident beam is reflected backwards by placing a suitable 
mirror adjacent to the farther face of the crystal from the lens. To the 
front face of the crystal, which is artificially polished and through which 
passes the scattered beam in as many as four of the exposures, a microscope 
coverslip is attached by means of a drop of glycerine to enhance its trans- 
parency. 


One serious defect with the crystal is that it exhibits a considerable 
amount of continuous spectrum in the scattered light. This continuous 
spectrum may probably have its origin in the reflection of some of the inci- 
dent light at the crystal faces and its mixing up with the scattered light. 
Apertures are provided at appropriate places, all the unused faces of the 
crystal are covered with black paper and a suitable filter is used in the 
path of the incident beam to reduce such continuous spectrum in the 
incident light. 


We shall designate the direction of the incident light by OX and that 
of the scattered light by OY. The crystal is oriented in three different ways 
by putting the 4 axis along OX, along OY and along OZ respectively. For 
each of these orientations, the incident light may be either vertically polar- 
ised (vibrations along OZ) or horizontally polarised (vibrations along OY). 
In all the six cases, the scattered light is resolved into two com)onents, 
horizontal and vertical, by means of a suitably oriented double image prism. 
Thus twelve spectrograms are obtained. These are photographed on selo- 
chrome plates and the enlargements are reproduced in the Plate. 


In spite of all the above precautions, a considerable amount of continuous 
spectrum has become unavoidable and the lines are recorded only weakly. 
So, only visual estimates of the intensities of the lines are given. An arbi- 
trary intensity of 100 is assigned to the strongest line in each plate and the 
intensities of all the other lines are expressed in relation to this figure. The 
observed polarisation ratios are corrected for the errors introduced by 
oblique refraction at the surfaces of the prisms of the spectrograph. 


9? 


3. Results 


The experimental data relating to the Raman spectrum of gypsum are 
given below in Table I. w, m and s respectively denote that the line is 
weak or of medium intensity or strong. 
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TABLE | 
Exciting Excited Excited Raman 
wavelength | wave'ength | wavenumber shift 
A.U. A.U. cm. cm.“ 
4047 4115-71 24290 415 (w) 
4129-36 24210 495 (w) 
4149-99 24090 615 (w) 
4160-65 24028 677 (w) 
3650 4167-37 23989 3400 (s) 
a 4183-72 23895 3494 (s) 
3663 4199-84 23804 3488 (w) 
4047 4218-53 23698 1007 (s) 
4241-37 23571 1134 (m) 
4077 4252-32 23510 1007 (w) 
4358 4438-59 22523 415 (w) 
4452-92 22451 487 (w) 
4479-17 22319 619 (w) 
4489-30 22269 669 (w) 
1558-09 21933 1005 (s) 
4584-18 21808 1130 (m) 
4047 4694-42 21296 3409 (s) 
4713-52 21211 3494 (s) 
4077 4735-33 21112 3405 (w) 
4752-20 21037 3480 (w) 
Av : 415 (w), 491 (w), 617 (w), 673 (w), 1006 (s), 1132 (m), 3405 (s), 3489 (s). 
The frequencies of the Raman lines obtained in this investigation are com- 
pared with those obtained by earlier investigators in Table II. Besides the 
lines shown in the Table, certain others in the low frequency region have been 
reported by some of the authors but these have not been confirmed in the 
present investigation. 
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TABLE II 
| poco Villiam | Dickinsor | .-.; 
| =| Fs Krishnar Soe | Bn ore Nisi Author 
| | hold laender | —— 
Sulphate fre 
quencies 414 417 414-2 412-9 415 
495 493 492-9 493-1 491 
620 625 620-0 617-3 617 
671 676 696 | 670-4 671-8 673 
1009 1009 1011 980 | 1008-2 1097-7 1996-6 1006 
1113-5 
| 1136 1136 1134 1128 | 1135-5 1127-9 1135-6 1132 
a eS ca an Tae .. ee Oe oe 
3240 
Water banc G6 3390 3397 | 3403-0 3494-5 34095 
| sd < - 3437 
| | 3496 | 3493 3491-5 3495-3 3489 








* He erp dyed the crys.al powder method, while all otaers used single crystals. 


+ This Raman line is observed by Nisi as excited by 3131-7 A.U. and 3125-6 A.U. mercury 
lines only. 


In sulphates, the SO, group forms a regular tetrahedron, the S atom be- 
ing situated at its centre. It may easily be shown that such a group should 
exhibit four vibrations, a single inactive vibration (about 980), a two-fold 
inactive vibration (about 450) and two three-fold active vibrations (about 
615 and 1100). All the four are active in Raman effect and four Raman 
lines are accordingly expected whenever there is a SO, group present. Six 
sulphate frequencies are, however, recorded with gypsum. Nisi observed 
even seven lines. From a critical examination of the frequencies, one can 
easily see that the degenerate oscillations of the free sulphate ion split in the 
crystalline state giving rise to a greater number of lines. Various explana- 
tions were given for this splitting. Nisi’ ascribed the splitting to a departure 
from the tetrahedral symmetry for the sulphate ions in the crystalline state, 
a result which is inconsistent with the X-ray evidence. By applying group 
theory to the study of the normal modes of oscillation of cystal lattices, 
Bhagavantam” showed clearly that such splitting is to be expected since the 
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crystal as a whole does not possess the high degree of symmetry that is 
characteristic of the sulphate ion. The results are therefore not inconsistent 
with the view that the sulphate ions preserve the tetrahedral symmetry in the 
crystalline state. The four distinct modes of oscillation appropriate to the 
free sulphate group are shown to split into nine distinct modes in the crystal, 
as degeneracy is impossible in the latter where there is no axis of a degree 
of symmetry higher than two-fold. Thus we expect to observe nine Raman 
lines due to the sulphate ion. Only seven are observed till now, and one 
in the neighbourhood of 600 and another in the neighbourhood of 1160 
seem to be missing, probably due to extreme faintness. 


The twelve spectrograms obtained by orienting the crystal in three dif- 
ferent ways are given as Figs. 1, 2 and 3. The notation is so chosen as 
to conform closely to that recenty employed by Nedungadi and by Bhaga- 
vantam. The directions of vibrations in the incident light (I1.L.) as also those 
in the scattered light (S.L.) are indicated in the figures. Vibrations along 
OX and OY are represented by arrows parallel to these axes. A circle with 
a central dot indicates that the vibrations are along OZ. The orientation of 
the b axis of the crystal is indicated by the side of the corresponding set of 
pictures. Results of visual estimate of the intensities of the Raman lines 
are contained in Table If. The polarisations of the lines are given in 
Table [V. The serial number in Table IV corresponds to that given in 
Table III and indicates the nature of the incident light and the orientation 
of the crystal. 

















TABLE III 
Direction of | Orientation | 1006 1132 3405 | 3439 
Serial | vibration of oftheb | 
No. the incident | axis along | 
light | OX | OZ | Ox | OZ |. OX | OZ | Ox | OZ 
te te ek 
L | OZ OX | 50 | 100 | 30 | is | 2 | 7 | 2] 5s 
2 | OY | - | 60 | 100 | 35 10 | 20 | 100 | 25 
| | 
3 | OZ OY | 100 | 100 5 10 30 30 5 5 
4 | OY “ | 60 in 10 | 20 | 10 | 49 3 3 
5 | oz Oz | so | so | 30 | 8 | 35 | 5 | 35 | 100 
} 
OY | : 
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TABLE IV 
—— p for 100: | p whee for 3405 | p for 3489 
| 
I <1 | >I <t ile 
> | <1 . ; 
4 <1 <! <! ' 
5 at =a wd <!) 
6 <1 ii “— 

















The principal line 1006 is the strongest in all the pictures. This result is signi- 
ficant in view of the fact that the principal line in sodium nitrate and calcite 
becomes feebler than the lattice lines for some particular orientations. No 


lattice lines appear in gypsum with detectable intensity for any of the 
orientations. 


The behaviour of the line 1132 can be said to be opposite to that of 
the total symmetric line 1006 in the matter of polarisation. The behaviour 
of the 3405 line is quite opposite to that of the 3489 line in respect of intensi- 
ties as well as polarisations. Taking a, b together and c, d together in Figs. 
| and 2, 3405 line is seen to be stronger than 3489. In Fig. 3, the latter is 
stronger than the former. In Fig. !, the polarisation of 3405 is less than 
unity and that of 3489 is greater than unity. In Fig. 3, the reverse is the 
case. Such a reciprocal behaviour of the two bands due to water of crystal- 
lization is significant and interesting. 


The behaviour of 3405 line is similar to that of the principal line in 
Figs. | and 2, while the behaviour of 3489 is similar to that of 1132. This 
is not true, however, in Fig. 3 


No polarised light was used for incidence in the earlier work done on 
gypsum. So, to give the intensities of the Raman lines for unpolarised 


incident light, Table V is got up by adding pairs of successive rows in 
Table IIT. 
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TABLE V 
Nl 
1006 1132 3405 3489 
Serial b axis oe a 
No. along | 
OX Oz | Ox OZ | OX OZ Ox OZ 
{ 
| 
1 Ox 110 |. 200: | 65 25 | 40 17) | 45 8 
2 OY 160 | 200 15 30 | 40 70 8 g 
| | } 
3 | OZ 110 160 69 43 | 75 15 65 200 
| 
Schaefer, Matossi and Aderhold determined the polarisations of the 


Raman lines with a gypsum crystal in the shape of a parallelopiped with 
the cleavage plane as one of its faces, for three diffzrent orientations, namely, 
b axis parallel to the OX direction, parallel to the OY direction and parailel 
to the OZ direction respectively. In their investigation also, OX is the direc- 
tion of the incident light, and OY is the direction of observation. Their 
values are compared with the values obtained in the present investigation 
in Table VI. S. M. A. stands for Schaefer, Matossi and Aderhold, and 
N. stands for the author. 




















TABLE VI 
Seriai b axis a 
No. alone p for 1006 p for 1132 p for 3405 | p for 3489 
| | S.M.A. | N. S.M.A. | N. | S.M.A. | N. | S.M.A. N. 
| a | Paes 
1 Ox <i < 1 | iS 4 0 <4 co “> 
2 OY | <1 <1 <1 ran \ re ait It 
| | | 
3 OZ | <1 ra San > ; Saact 0 | <a 











* Both components absent. 
+ Both components almost vanishing. 


Nisi also investigated the Raman spectrum of gypsum for various 
orientations and found the relative intensities of the Raman lines for each 
orientation. The angles which the edges of his crystal make with the axes 
of the optical ellipsoid in the cleavage plane are different from similar angles 
of the crystal used in this investigation. So there are bound to arise some 


differences in the intensities of the lines in the two investigations, when the 
crystal is oriented with reference to the b axis. 


However, a comparison 
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of his results with those of this investigation is made in Table VII. The 
intensities of the lines given above in this investigation are reduced in 


comparison to the figure 10 for the total symmetric line 1006 for each of 
the orientations. 


























TABLE VII 
Serial | 6 axis 1006 1132 | 3405 2489 
No. | along | | 
| | | 
| Nisi | Author Nisi | Author Nisi | Author Nisi Author 
l 
ox | 10 | 10 | 4 | 2-9 5 6-8 2 1:7 
2 oY ji 10 10 | 4 | 1-3 5 3+1 1 0:5 
oz | 10 10 4 | 38 2 3-3 | >8 9-8 
\ } a 1 ee 








4. Discussion of the Results 


General Remarks.—Bhagavantam has already shown that we should 
expect gypsum to exhibit nine Raman lines due to the sulphate ion itself. 
Only seven of these are apparently recorded. From the analysis given by 
this author, it may be seen that the 1006 line belongs to the total symmetric 
class and the surviving tensor components relating to this class are a,,, a,,, 
a,, and ayy. The 1132 line comes under the class A, and the surviving 
tensor components are a,, and a,,. In the case of gypsum, unlike the cases 
of sodium nitrate or calcite investigated by Nedungadi and by Bhagavantam 
respectively, there is a non-diagonal tensor component also surviving under 
the total symmetric class. So, the scattering moment in this case, unlike the 
above cases, is expected to be a mixture of the polarised and depolarised 
types and not purely of the polarised type. The scattering moment coming 
in the case of oscillations under the anti-symmetric class A, is also a mixture 
of the polarised and depolarised types. We may now interpret the selection 
rules in the case of the two kinds of oscillations allowed in the Raman 
spectrum of the gypsum crystal. 


Total Symmetric Oscillation (1006).—Equation (1) and two similar ones 


for p, and p, will determine the intensities of the various components in any 
general case. 


Px ie . Axy E, (1) 


The p’s and E’s stand for the components of the induced mement and of 
the incident light vector respectively. In the case of the 1006 line, it has 
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already been remarked that a,,, a,,, 4;, and a,, only survive. So the above 
equations modify to (2). 


Px= Oxe Ext Ory Ey; Dy = Ory Ex + ayy Ey; Pp= 2; E; (2) 


As the crystal is not cut with all its edges parallel to the axes of the 
optical ellipsoid, a complication arises in deducing the results. The x, yp 
axes fixed in the crystal and to which the tensor components refer do not 
coincide with the X, Y, Z space co-oridnate system for any of the orienta- 
tions made in the experimental procedure. The z axis of the former system, 
which is the b axis is alone made to coincide with one of the axes of the 
latter system. Let each one of the other two axes of the former system 
make an angle @ with each one of the other two axes of the latter system 
respectively. This angle @ is the same as the angle contained between one 
of the edges lying in the cleavage plane of the crystal and one of the princi- 
pal axes in that plane. This angle is roughly equal to 45°. The results that 
are to be expected in such a case are calculated and compared in Table VIII 
with the observations. 

















TABLE VIII 
| ! i paw 
¢ | Intensities calculated | Intensities 
4 | Components in | Components in the (only anplitud.s ae giver) | observed 
3 | the incident ligh | scattered light 
3 | Ox OZ | OX | »Z 
! | a | ; | asl 
1 Fe E si 0 & | De. | Px Sin O6& 0 | j Oxx + yy 5) ; 109 
y E cos @ } y co @ | Oxy | 
fo Fy E cor @ | P: | xr irO& 0 bax — Oyy) 60 109 
| ly=—Esing | | y COS | 
| 
3 |Ex= Eco@ | pesiro& | peco OX | Mage—ayy| b(-xx yy’ | 109 | 100 
| 7° E sii. @ | Ty cor 0 Fy 0 | | ey 
| | | | | 
4 | E, v2 | pesir@& | pe cord & | 0 | 0 60 100 
Py COs 8 | Py sO | | 
| 
5 | E, E | pPecorO& | pz | 0 | Cee 50 80 
| 7 fy sin 6 | | | 
| | | 
6 | Fy E sir @ &} Px cos6 & | Pz | (axa — Cyy’ 0 69 80 
| Ey Ecos@ | —/sysiné | | | 
| 
E=F,=Fy. Column 4 is obtained by substituting cos@= sin@ = —-~ (6 = 459) in the 


expressions. 


The serial number in Table VIII corresponds to that given in Table Il 
and determines the orientation of the crystal. The x, y, z axes occurring in 
Table VIII refer to the system of axes fixed in the crystal. OX and OZ 
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occurring in columns 4 and 5 have the significance given to them earlier and 
refer to the space fixed co-ordinate system. It will be noticed that compo- 
nents have been recorded in several cases where no scattering intensity is to 
be expected at all according to the theory. This discrepancy is, presumably, 
to be attributed to the complications introduced by the inherent con- 
vergence in the incident light, imperfect polarisation caused by the polaroid 


and the refraction resulting from the passage of light through the crystal 
faces. 


Anti-symmetric Oscillation (1132).—In this case, the set of equations (1) 
still holds good but we have a,, and a,, only as surviving tensor compo- 
nents. So the above set of equations reduces to 3. 


Px = Ox, E,5 Py = yz E,; Pz xz Ey + Oyg Ey (3) 
The expected results are shown in Table IX along with the observed figures, 


The notation in this Table is the same as that in Table VIII. Similar dis- 
crepancies are again noticed here. 























TABLE IX 
‘ |  Intensi'ies ca'culated Intensities 
Z| Components in | Components in the | (onlv amplitudes are giver )| observed 
‘= | the incident light scattered light 
al | ; } & { 
B | Ox | oz | ox| oz 
| 
Pee Esing & Ps px sin 8 & Cxst Cys 0 30 | 15 
Fy Ecos 6 Pyco@ | | 
2 Fx E co 0 & Ps lx sin 6 & Qaxs — Cys 0 35 10 
Ey —~Esic@ Pycos@ | 
3 | Fe= Esirg@ & Px Sir 6 & PecrsO& | 0 0 | > | 10 
| Fy =— Esin@ Py cos @ “Py sin @ | 
4)E,= E Px sind & Px cor 8 & Oxg i Cy xz—Cyz| 10 | 20 
] y cos ts) 5 oe y Sin @ 
5 | F,=E Pe COSO & Pz Oxg— Cys | 0 30 8 
| — Py sin@ | 
6 |Fe= Esine&| pecoso&|  p, 0 |reetays| 30 | 35 
| y E cos @ fy sin@ | | 
~ . — ~ . . e e ° 1 
E=F,= Fy. Column 4 is obtained by substituting cos @= sin @= Vi (@ = 45°) in the 
expressions. 


Water Bands.—As for the water bands, no theoretical investigation of 
the intensities is made. From the results, it can be seen that one of the 
bands, namely, that with the shift of 3405 cm.-! whose behaviour closely 
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resembles that of the 1006 cm.-! Raman line, belongs to the symmetric class, 
while the other band at 3489 cm.-!, whose behaviour is similar to that of 
the 1132 cm.-! Raman line, belongs to the anti-symmetric class. 


5. Summary 


Raman effect in a specially cut and polished crystal of gypsum is 
studied in this investigation. The Raman spectrum of gypsum is analysed. 
Six frequencies with wave-number shifts 415 cm.-1, 491 cm.-', 617 cm.-}, 
673 cm.-!, 1006 cm.-! and 1132 cm.-? due to SO, ion and two bands at 
3405 cm.-! and 3489 cm.-! due to water of crystallization are observed. 
The appearance of so many lines does not necessitate our supposing a lack 
of tetrahedral symmetry in the SO, group. It may be ascribed to the low 
degree of symmetry possessed by the crystal itself. 


The effect of orientation of the crystal upon its Raman spectrum is 
also studied. Twelve spectrograms corresponding to different orientations 
of the crystal with respect to the directions of incidence and observation are 
obtained. In all the cases, the total symmetric line 1006 cm. is nearly the 
strongest and the lattice lines do not appear with sufficient intensity in any 
case. This behaviour is characteristic of this crystal. The total symmetric 
line is depolarised to an appreciable extent in all the cases. The behaviour 
of the 1132 cm.-* line is reciprocal to that of 1006 cm.-! in almost all the 
cases. Another interesting result of the investigation is the reciprocal be- 
haviour of the 3405 cm.-! water band on the one hand and the 3489 cm.-! 
water band on the other. The behaviours of the 3405 cm.-! and 3489 cm.-! 
bands are respectively similar to those of the 1006 cm.-! and 1132 cm. 


Raman lines and they respectively belong to the symmetric and antisymmetr’c 
classes. 


By studying the selection rules in detail, an attempt is made to explain 
the important features observed. 


The author desires to express his grateful thanks to Prof. S. Bhagavantam 
under whose guidance the above investigation has been carried out. 
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